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THE OCEAN; 

THE ATMOSPHERE, METEORS, AXD LIFE. 

PART I.-TIIE OCEAN. 

BOOK I.-TIIE SEAS. 

CHAPTER I. 

GENERAL CONSIDERATIONS# 

To tlif' majority of mankind grouped in crowded populations on the 
continawts, extending over scarcely a quarter of the surface of the 
globe, the sea is little else than a vast abyss without limits or bottom. 
Even learned men are inclined, by an illusion of intellectual optics, 
to give a much greater geographical importance to the phenomena 
of continental regions, than to thoso .pf the ocean. Just as our 
ancestors, beholding infinito space filled with stars and nebulae 
arched over their heads, imagined this immensity to be a dome 
resting on the vast structure of the earth. 

Although the influence of the ocean in the general economy of 
the globe has not been studied with the same care, relatively, ns the 
effect of the rivers which flow through the plains, or of the sjjrings 
which gush from the clefts of the hills, yet it is still of the first 
importance, and on it all the phenomena of planetary life depend. 

Water is the chief of all ! exclaimed Pindar in the early days of 
Hellenic civilization ; and since then science has revealed to us, that 
• the % jntinonts themsehes are elaborated in the bosom of the sons, 
aiii wit without them earth, like a metullic surface, could give birth 
to no organic life whatever. Thus, as almost all the cosmogonies of 
primitive nations poetically declare, earth is ** The daughter of ocean/* 
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This is not simply a myth, it is a fact. The study of the strata of 
the earth — rocks, sand, clay, chalk, conglomerates, proves that the 
materials of the continental masses have in great part been deposited 
at the bottom of the sea ; and have assumed their form and character 
there. Many rocks, especially the granites of Scandinavia, which 
were formerly believed to have emerged in a plastic state from the 
interior of the earth, are perhaps in reality ancient sedimentary strata 
slowly transformed by mechanical and chemical action, which operate 
incessantly in the great laboratory of the globe. Even on the sides 
and summits of the highest mountains, now raised thousands of feet 
above the level of the ocean, may sometimes be found traces of the 
action of the sea in ancient times. Under our very eyes the immense 
work of creation, commenced by the seas in the earliest epoch, 
is carried on without relaxation ; with such energy, in fact, that even, 
during this short life, man may witness important changes along 
their shores. If the waves undermine and slowly destroy a penin- 
sula here, elsewhere they spread out sandy beaches and form islets. 
New rocks, diflFering in arrangement and appearance, succeed the 
ancient rocks demolished by the waves. Thus the promontories of 
granite are disintegrated by the action of the waters, whic.h carry 
away its various constituents, quartz, felspar, and mica, building 
them up into new rocks. In the same way the clay resulting from 
the slow decomposition of the porphyritic or granitic felfepar is 
transformed into slate, which becomes sooner or later us hard as the 
ancient schists. But the dashing waves and the flowing rivers are 
not the only agents occupied in the formation of new rocks in the 
bosom of the sea. There is another ever active agent engaged 
beneath its waters. This agent is animal life. Shells, corals, and 
innumerable animalculrc with calcareous or silicious coverings, in- 
habiting the ocean, are incessantly engaged in consuming and re- 
producing. They absorb and digest matter whi(jh the rivers bring 
down to the sea, and secrete substances which form their skeletons 
and cases : as, generation after generation, these swai-ms perish, their 
remains are spread out over the bottom of the sea or heaped up on 
the strand ; and at last form immense banks and submarine plateaux 
which by some subsequent elevation will bo brought to light. 

Owing to this ceaseless renewal of the rocks, the ocean is constantly 
creating a world differing from the old one in the appearance and the 
disposition of its beds. Thus, to the geologist, the invisible depths 
of the sea should not be of less importance than the exposed surface 
of the continents. The ground which to-day bears us and our cities, 
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will disappear as the continents of former epochs have already entirely 
or in part disappeared ; and the unknown spaces which the waters now 
cover, will rise in their turn, and appear as continents, islands, or 
peninsulas. 

In the long period of geologleal centuries or ages during which 
the lands are bathed, not by the waters of the sea, but solely by the 
waves of the atmosphere, the ocean does not the less continue to modify 
the configuration of the globe by its clouds, its rains, and all the me- 
teoric influences which take their birth at its surface. All those atmo- 
spheric agencies which rage about the summits of mountains, riving 
them and little by little lowering them, it is the sea which despatches 
them. All those glaciers which polish the rocks, and carry down into 
the valleys those piled-up boulders, it is the clouds from the ocean 
which deposit them in the form of snow on the summits of the 
mountains. All those waters which penetrate by fissures into the 
depths of the ground, which dissolve the rocks, hollow out the 
caverns, bring mineral substances to the surface, and cause at times 
great subterranean subsidences, what are they, but marine vapours 
returning in a fluid state towards the basin from whence they arose P 
Finally, the numerous rivers which spread life oVor all the globe, and 
without which the continents would be deserts wholly uninhabitable, 
are nothing else than a system of veins, and voinlets, which carry 
back to the great reservoir of the ocean, the waters distributed over 
the soil by the arterial system of clouds and rain. It is, then, to the 
phenomena of this oceanic life we must attribute the immense geolo- 
gical operations of rivers, and the exceedingly important part which 
they play in the flora and fauna of difibrent countries, and in the 
history of humanity itself. The future discoveiies of geologists and 
naturalists will tell us also what share in the production and develop- 
ment of those germs of vegetable and animal life, which reach their 
greatest beauty on continents, may bo referred to tho ocean. 

As for climate, upon the varieties of which all that lives upon the 
earth depends, — does it not follow from movements of the ocean, as 
well as from the position and elevation of the masses of land P The 
cold of polar latitudes would be more rigorous, and the heat of the 
tropics more intense, and these extremes would undoubtedly destroy 
most of the beings now in existence, if the currents of the ocean did 
not convey water from the poles to tho equator, and from the equator 
to the poles ; thus constantly tending to an equalization of tempera- 
ture. In the same way, the atmosphere of continents would be 
completely deprived of vapour, and so perhaps rendered unfit for 

• B 2 
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breathing, if the humidity it derives from the sea were not spread by 
the winds all over the globe. Tlius the ocean blends the contrasts of 
climate, and makes a harmonious whole of all the distinct regions of 
our planet ; it awakens and preserves life on the earth, which it has 
deposited layer by layer, which it waters by its vapours, and renders 
fertile by its springs and its rivers. 
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CHAPTER II. 

OCEANIC BABINS.— DEPTH OF THE SEAS — LEVEL OF THE SUEFACE OF THE OCEAN. 

The seas which cover the greater part of this planetary sphere hove 
not coinplotcly enclosed basins. Tli^'y all have their origin in tho 
great common reservoir of the Antarctic Ocean, and coinmiiiiicatc 
with each other by wide straits, or by sliects ol water of secondary 
importance. This partial ab^jcncc of boundaries, and their enormous 
extent of surface, deprive the seas of that harmony of foim observable 
in the continental masses. Yet, wdierover the water washes the 
shores of the land, it necessarily reproduces its contour ; and, in con- 
sequence, tho sea everywhere presents a distribution exactly the 
opposite of that of the earth. The twofold basin of tho Atlantic with 
its wide central expansion, corresponds to the two continents of 
America with their narrow uniting isthmus. The Pacific itself is 
divided by its immense Archipelago into two vast distinct seas; and 
the Indian Ocean in the south balances the mass of Asia in the north. 
Whilst limiting with its waves the shores of tho land, the ocean 
pencti'atcs far into tho interior, cither hy largo rounded gulfs like 
thoso of Guinea and Bengal, or by seas bordered with chains of 
islands and islets, like the China Sea and that of the Antilles, or by 
an intricate network of channels like those of Simda, and the Polar 
Archipelago of America, Certain seas also are almost completely 
enclosed, and communicate with the remainder of the ocean only by 
narrow outlets, as is the case with the Mcdirerraneaii and the Red Sea. 

The bottom of all -these sjas is not always horizontal or even regu- 
larly inclined. It is certain that the bed of the sea lias, like our con- 
tinents, but in a far less degree, plateaux, valleys, and jiiains. Geology 
reveals to us that in the course of ages the highlands of the con- 
tinents sink beneath the oceanic expanses, and the abysses formerly 
hidden by their waters emerge to the light and reveal the inequalities, 
of their surface. Were npt the plains and the hills, which now botir 
our cities and our harvests, in past ages covered by the waters of tho 
deep P Do we not see on the flanks of the Himalayas, 18,000 feet above 
the level of the mouth of the Ganges, shells which the sea has there 
deposited in the strata P And do not our navigators search the bottom 
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of the ocean, and, so to speak, investigate its inequalities with those 
enormous “feelers,*’ their sounding apparatus? 

Wo may well imagine that the submarine surface still preserves all 
its primitive rudeness ; and that its rocks, cliffs, and fells uniformly 
present edges unworn and sharp, the marks of fracture, just as on the 
day when the solid rock was first cleft. And, in factl^in the depths of 
the sea there are no frosts to break ofl' projecting peaks, no lightnings 
to split, no glaciers to carry them or crumble them away, no meteoric 
influences to corrode and round them. Nevertheless, if there are not in 
the sea, as on the land, agencies like these, ceaselessly at work level- 
ing projections, there are others which as ceaselessly labour to smooth 
the asperities of the surface. There arc the sedimentary deposits 
brought down by the rivers ; and innumerable millions of the skele- 
tons of animalculae, which live in the deep, or fall like snow from the 
upper strata of the water and gradually fill up the submarine valleys. 
Those fantastic mountain-chains drawn on the bed of the sea by Buache 
and other geogiaphera, cannot therefore really exist, since the geolo- 
gical agencies at work under water differ from those wjiioh carve out 
the table-lands and mountains on our continents. If some immense 
eddy prevented the particles from being deposited in the deep parts 
of the ocean, then the rocks and the rifts of the abysses would keep 
their first form, like those peaks and craters of the moon which are 
not worn away by the inclemencies of an atmosphere. There aro, 
indeed, tracts in the sea where, perhaps from the influence of a sub- 
marine counter-current, the rocks of the bottom are not covered by 
organic alluvium. In the deepest part of that gicat arm of the sea 
which separates the Fteroo Islands from Great Britain, Wallich 
drew up from a depth of more than 600 fathoms * a large fragment 
of quartz detached from the living rock, and several pieces of basalt ; 
it is quite possible, however, that these fragments had been dropped 
there by an iceberg. 

In general, the sea-bed extends for wide spaces in long undula- 
tions and gentle slopes. Sailors, who arc carried swiftly over the 
water by wind or steam, and who generally take soundings at places 
far distant from one another, are tempted to exaggerate the magnitude 
of inequalities in tlie sea-bed, and to see chasms and precipices, where 
the declivity is in reality inconsiderable. Escarpments, similar to 
those of the continental mountains, very rarely present thenu^lves ; 
Fitzroy was greatly surprised to find in the neighbourhood of the 

* Marine Boundings are always taken in fatkomB ; a fathom is equivalent to 2 yards or 6 
feet linear. 
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Abrolhos, near Brazil, such rapid slopes, that the load on one side of 
the ship indicated from 4 to 6 fathoms only, while on the , other 
side it marked from 16 to 22 fathoms. Sometimes a special cause 
explains these abrupt changes of the level. Thus M. de Villeneuve- 
Flayosc discovered in the Gulf of Cannes, a spring of fresh water 
springing froiif the depths of a kind of well, the sides of which 
sloped at an angle of 27 degrees. But how can we explain that 
singular gulf which extends immediately in front of Cape Breton 
on the coast of the Landes P Ouglit we to attribute its formation 
to the meeting of the tides, which takes place in the channel of the 



•R IkpthM under & /alTi/. 

Fi{< 1 —Gulf of CEpe Breton 

Gulf of Gascony P This is a question which it is not yet possible to 
decide. 

We can form some notion of the submarine tracts by surveying the 
countries that have emerged from under water at a comparatively 
recent epoch. The Landes of France, the low lands which have re- 
placed the Gulf of Poitou, a great part of the Sahara, the pampas of 
La Plata, furnish remarkable examples of the regularity of inclinatioii 
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which generally characterizes the bottom of the sea. Even rocky 
coasts, like those of Scotland and Scandinavia, have been levelled here 
and thefe in their lower parts, that were not long ago covered by the 
waters of the Atlantic. If earthquakes and fissures of the soil, vol- 
canos and slow oscillations of the terrestrial crust, did not on their 
side increase the inequalities of our planet’s surfupe ; it is certain 
that the incessant contribution of fluvial deposits, the fragments of 
rocks worn away by the waves, and above all those remains of swarm- 
ing organisms which fill the sea, would have effected as an inevitable 
result the equalization of the ocean-beds, and the transformation of 
their abysses into scarcely indicated slopes ; the waters, on their side, 
would gradually invade the surface of the continents, till, after the 
operations of myriads of centuries, the earth would become again 
what it formerly was, a spheroid with its surface entirely covered 
by a bed of water of uniform thickness. 

According to an ancient popular opinion, which, in default of 
direct observation, was not more contradictory to good sense than 
many other hypotheses called scientific, the sea was “Jbottomloss ; ” 
and this proverbial expression is still that which best conveys to many 
ignorant persons the real state of things. At the commencement 
of last century Marsigli himself spoke of ‘‘ the abyss ” of the Mediter- 
ranean as of a gulf absolutely unfathomable.* On the other side, 
mathematicians, supported by theoretical considerations, have attempted 
to estimate by calculation the average depth of the seas. Buflbn, who 
does not quote the Italian author from wdiom he has borrowed his 
argument, gave to the ocean a depth of water equal to 230 toises, or 
240 fathoms. t The astronomer Lacaille, whose estimates are no 
nearer those that recent soundings have rendered probable, allowed 
from 104 to 273 fathoms of depth to the sea. Laplace, who errone- 
ously estimated the moan elevation of the land at 3280 feet (that is 
to say, three times the height now approximately determined), $ 
thought that the waters of the sea must also be of about equal 
depth. Young, drawing his deductions from the theory of the 
tides, assigned about 2735 fathoms to the waters of the Atlantic, 
and from about 3250 to 3800 fathoms to those of the South Sea. 
Arnold Guyot remarked that this depth assigned to the Atlantic, 
would be in fact that of the trench formed in this marine valley, 
between the coasts of South America and Africa, having the plateaux 

of Bolivia on the one hand, and those of the Lupata mountains on the 
♦ 

♦ Jli^toire de la p. 10. t ThSorie de la Terre : lea Fleuvea, 

t Hamboldt. See inVol. I. the lection entitled, Earmamea and Cbniraala. 
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other.* This last estimate has, however, only a relative value : if wo 
apply it to the Pacific, continuing westwai-d and eastward the coasts 
of Asia and America, we should find as the lowest point, %ud lying 
(according to this hypothesis) to the east of Eastor Island, a depth of 



Pig S —Depths of the Adriatic. 

(Thi* parts marked by cross-shading are 270 futhonis and upwards In depth ) 


about 15 J miles, tbreo times the elevation of the highest mountain in 
the world. Evidently it is by direct observation that we must hope, 
some day, to know all the projections and undulations of tho bottom 
of the ocean; but the instruments which seamen can Command are still 
• Earth and pp. 76, 77. 
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imperfect, and, except for inconsiderable depths, do not give results of 
rigorous accuracy. In those latitudes where the water is many 
hundreds, t)r even thousands of fathoms in depth, they cannot risk the 
taking a sounding unless the atmosphere and the waves are in an ex- 
ceptional state of tranquillity ; and even then the slenderness of the 
cord, the weight of the apparatus, the cnormotis pressure it endures 
as it descends, and which increases at the rate of one atmosphere 
for every 11 yards of immersion, and finally, the long hours which 
must bo employed in this delicate operation, greatly endanger the 
final success. Unless instruments furnished with electrical bells, like 
those of Schneider or of Gareis and Becker,’' and others more easily 
employed, more rapid and sure, are uscfl, “ bathymetric ” observ- 
ations will be always at great distances from each other, and it will 
not be possible to construct a submarine map in relief, such as is 
being constructed of the surface of the continents. Besides, it is 
very rarely that sailors take soundings in the deep seas simply 
for the scientific pleasure of investigating the dei)th of the ocean. 
It is solely for the requirements of navigation, of commerce, and of 
industry, that they have observed the depth of the sea, either in 
guKs like the Adriatic, or in parts that are filled Tsith sand-banks 
like the North Sea, in the neighbourhood of coasts and rocks laid 
down in ancient maps, or in those parts of the ocean which are 
destined to receive electiic cables. In the open sea ships sail 
almost entirely over unmeasured depths. 

Owing to its elongated form and to the amphitheatre of lofty 
mountains, which all but wholly surround it, the Adriatic offers a 
v^^ry remarkable example of the continuation of the continental slopes 
below the level of the sea. The bed of the northern part of this gulf, 
which is a continuation under water of the level plains of Venetia, has 
an exceedingly gentle slope, much less, in fact, than that of the plains 
of Lombardy, which seem hoiizontal f The sounding-lead shows 
only a depth of 54 fiithoms beyond the narrows formed by the islands 
of Zara and the headland of Ancona ; thus more than a third of the 
Adriatic is found not to exceed in mean depth rivers like the Mis- 
sissippi and the Amazons. Farther south the submarine declivity; 
which continues on one side that of the Apennines, on the other that 
of the Alps of Dalmatia, becomes comparatively greater, and the 
sounding-lead descends to about 110 and even 170 fathoms below the 
surface. At this spot the sea forms a sort of hollow, bounded on 

• Ph^aioffraphie daa Maarea^ 1 867. 
t G. Collcgno, Oaologta delV Italta, p 12 
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the south by a submarine isthmus uniting the peninsula of Man- 
fredonia, with the isolated rock of Pelagosa, and with the islands of 
the Dalmatian coast, Lagosta, Curzola, and Lesina. B(^’'ond this 
isthmus, and extending as far as the Straits of Otranto, is another 
and much deeper hollow, towards the middle of which the soundings 
indicate a depth of nearly 500 fathoms; and on the cast rise the 
precipices of Montenegro, the roots of which descend very rapidly 
beneath the waters. Thus the soundings of the Adriatic confirm 
the observations, made long ago by Dampier and many other navi- 
gators, that the sea is generally deep at the base of abruptly sloping 
mountains ; and, on the other hand, that there is but a slight depth 
of water near low coasts. 
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Fig. 3.“Profllo of the bod of the Adriatic 

As to the Mediterranean properly so called, it is almost unknown, 
except in those parts which have been explored for the laying of tele- 
graphic cables ; however, on comparing with one another all the 
soundings, and the various tracks followed by those who have laid the 
wires, we can at least form a general notion of its submarine surface. 
If the waters of the Mediterranean wore suddenly lowered about 110 
fathoms it would be divided into three distinct sheets of water : Italy 
would be joined to Sicily, Sicily would be united by an isthmus to 
Africa, the Dardanelles and the Bosphorus would be closed, but the 
outlet of Gibraltar would remain in free communication with the At- 
lantic Ocean. If the level was lowered by about 550 fathoms the 
-®gean, the Euxine, and the Adriatic would wholly disappear, or only 
leave in their beds unimportant pools ; tho remainder of the Mediter- 
ranean would be divided into several seas like the Caspian, either 
isolated, or communicating with each other by narrow channels, and 
the terminal promontory of Europe would be joined by the isthmus 
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of Gibraltar to the mountains of Africa. A depression of about 1100 
fathoms would leave nothing but three inland lakes ; to the west a 
triangular basin occupying the centre of the depression between 
France and Algeria ; in the middle, a long cavity extending from 
Crete to Sicily ; and eastward, a hollow lying in front of the Egyp- 
tian coast. The greatest depth of the Mediterranean, exceeding 
2200 fathoms, lies to the north of the Syrtes almost in the geome- 
trical centre of the basin.* 

It is the same with the North Atlantic Ocean as with the Medi- 
terranean. The depth of the central valley, extending from north 
to south between Euiope and the New AVorld, is only known in 
a general manner. But the gulfs and straits which project from the 
ocean between the northern countries of Europe, such as the Channel, 
the North Sea, the Cattegat, the Baltic, have been almost completely 
explored by the sounding-lead. 

The North Sea in all its northern part, from the 51st to the 57th 
degree of latitude, presents a mean dejith of only about IG to 27 
fathoms, except near Nevveastlc-upon-Tyne, where the bottom is found 
to be from about 40 to 65 fathoms below the surface. Vast tra *18 of 
sand and mud, — the White bank, the Black bank, the Brown bunk, 
the Dogger bank, the Fisher bank, separated from one another by 
fosses and lateral channels, deeper by from about C to 11 fathoms, 
almost entirely fill its bed, and stretch as far north as the Shetland 
Islands. There, us in the centre of a whirlpool, is deposited the 
marine allu\iura, whilst that arm of the ocean follows the precipitous 
shores of Scandinavia over the rocks and compact clays of the bottom. 
In those parts the load descends to about 161 and even 437 fathoms 



Fig 4.— Profllo of the bed of the North Sea, from the north point of Scotland to Stavanger m Norn ay. 

from the surface of the sea ; and in the centre of the Skagerrack, 
between the sandy beach of Jutland and the bold shores of Norway, 
nearly 443 fathoms have been reached. One seems to see here, 

* Biittger, dot Mittehneer ; — Mitthedungm wn Pettrmamy 1866 . 
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in vaster proportions, a repetition of those narrow and deep trenches 
which surround isolated rocks left standing out on flat sandy 
ghoreik 

From the Skagerrack to the Cattegat, which may be considered as 
the submarine threshold of the inland waters of the Baltic, the transi- 
tion is effected somewhat abruptly. The Cattegat presents nowhere 
more than 93 fathoms, tho mean depth of its channel is only 54 
fatlioms, and the banks of sand and mud render its navigation difficult. 
The depth of water is reduced to 16, 1 1, and even in some places to 
5 fathoms, in tho Sound and tho Great Belt, which form the entrances 
to tlio Baltic Sea, properly so-called. This vast reservoir, which 
partakes at the same time of the nature of a G ulf by its free coin- 



Mvtder 
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Pig 5.— Depths of the English Channel. 

munication with the ocean, and of an inland lake by the slight salt- 
ness of its waters, has a mean depth of 22 to 33 fathoms, analogous to 
that of the Cattegat. According to Foss the greatest depth (between 
the island of Gothland and Esthonia) would be found at only 98 
fathoms below the surface of the sea ; but according to Anton von 
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Etzel the lead would not reach the bottom at less than 150 fathoms 
in the deepest hollow. 

To the south-west, the North Sea communicates by the Straits of 
Dover with the Channel ; a narrow arm of the sea which may be con- 
sidered as a mere accident of the earth’s surface, as a kind of mari- 
time trench, so inconsiderable is its depth compared with that of the 
ocean. In order to form a true notion of the depth of the Channel, 
compared with its width, one must iraaj^ine a miniature of this sea 
drawn on a scale of one yard for two-thirds of a mile, on a perfectly 



Fig 6.— Profile following tho line of the greatest depth. 


horizontal surface. This sheet of water would not have loss than 
547 yards of length, and its width would vary, according to the coast 
lines, between 3G and 240 yards. And yet, notwithstanding this 
considerable surface, the greatest depth would be less than 2 inches 
at the entrance. In the deepest hollow of the ('’liannel, between the 
hillock representing Start Point and that of the Sept-llcs, it would 
be less than 2J inches. A sparrow could hop this miniature sea.* We 
see that it is as easy to exaggerate the importance of the depth of the 
sea as it is the height of mountains. The section annexed to Plate I. 
shows the proportionate depth of water between the shores of Dover 
and Calais. 

On leaving the Channel, tho parts of the oceanic bed which have 
been explored by sounding arc more and more distant towards tho 
west, and then become quite rare. Finally, many hundred miles 
out at sea, where tho true abysses commence, soundings have been 
only taken at intervals of about 30 and even 55 miles apart. The 
points thus marked which have served for drawing the submarine 
cTiart of the North Atlantic, are therefore by no moans numerous, 
but nevertheless we have in it a pretty exact representation of the 
relief of the ocean-bed. Tho average depth of water which separates 
the coasts of North America and those of Europe is about 1916 
fathoms, but the central valley presents a surface relatively uniform, 
and much less varied than that of Europe or even the United States ; 
the greatest slopes do not probably exceed those of the river-beds 
which seem nearly horizontal ; and it may be said that the depth of 
* Saxby, Nautical Magazine, March, 1864. 
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the sea is oonoentrio with the surface. Hence the name of ** the 
telegraph plateau/^ given by Maury to these plains, some time before 
the first transatlantic cable was laid. The most considerable depth 
of this plateau is 4846 yards, that is to say, about a 16ii9th of the 
width of this ocean ; this being a thickness relatively less than that of 
the finest needle.* The section on Plato III. enables us to compare the 
relief of the continental surface and that of the oceanic depths from 
the coasts of the United States to those of Europe. It is true that in 
order to render the vertical dimensions visible, it has been necessary to 



Fig. 7— Section of the Atlantic in the Tropics. 


exaggerate them in the enormous proportion of twenty-fold. To the 
south the depth of the sea becomes more and more varied. An im- 
aginary section from the plateau of Aiiahuac to Senegambia across 
Yucatan, the Caribbean Sea, the Antilles, and the central basin of the 
tropical Atlantic, presents a much more unequal surface than that of 
the telegraphic plateau ; but the true oceanic part of the basin equally 
shows a great uniformity in almost its entire extent. 

Considered as a whole, the North Atlantic is a depression whose 
sides descend gradually towards a central hollow situated between the 
coasts of the United States, the Bermu^^s, and the bank of Newfound- 
land. A fall of the waters of less than 110 fathoms woiJd reveal the 
submarine groundwork upon which France, Spain, and the British 
Isles rest. This is indeed the true foundation of the European con- 
tinent, for immediately beyond this basement which forms the extreme 
angle of the Old Worlcf, the bed of the sea, at an inclination of about 
eight degrees, descends gradually from 110 fathoms to 1640 and 2187 
fathoms below the waves. A fajl in its level of 1094 fathoms would 

* Note. Bi8ohof,<^ Gittalt der Erd$ und dtr p. 6, and following. 
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diminisli the width of the Atlantic more than half, would leave the 
Gulf of Mexico completely dry, and only leave an elongated lake in 
the central part of the Caribbean Sea. If the present level were 
lowered by 2187 fathoms, a continent separated from Europe and 
America by two narrow channels, and extending over a space of 
from about 1550 to 1860 miles, would str^ch into the torrid zone ; 
and, by a remarkable coincidence, would affect that peninsular con- 
formation and southerly direction, presented by Greenland, Scan- 
dinavia, Spain, Italy, Greece, Arabia, India, and the three great 
continents of the South.* A lowering of 3280 fathoms would com- 
pletely unite Newfoundland to Ireland, and consequently form a 
bridge between the Old and New Worlds. Even of the central 
Atlantic there would only remain a narrow “ Mediterranean sea in 
front of the Antilles and Guiana. Finally, let the waters be lowered 
by 4375 fathoms, and the northern part of the Atlantic would be 
reduced to a small triangular “ Caspian,” situated between the Azores, 
the bank of Newfoundland, and the Bermudas. 

In the present state of scinnee, it is impossible to draw an approxi- 
mate chart of the depths of the South Atlantic, similtw^ to ihat which 
one can construct of the bottom of the northern part. It even ap- 
pears that many of the soundings made in this part of the ocean must 
be considered null, because the explorers have not taken into account 
the deflection of the sounding-line occasioned by subranriiic currents. 
The depth of 7600 fathoms obtained by Captain Denham, E.N., 
is accepted by M. Bischof and other geologists with all confidence, 
because this explorer took care to raise the cord several times by 
a hundred yards, and when thrown again it always stopped at the 
same point. As to the sounding of S695 fathoms, announced by 
the American Parker, it is certainly erroneous ; since later, in the 
same latitudes, they have found the bottom at 3007 fathoms only. 
Not knowing the depth of water in the different parts of the South 
Atlantic, mathematicians have tried at least to calculate the mean 
depth of the entire basin by the swiftness of the translation of 
the tidal waves. They have estimated the mean force of the bed of 
water in the Atlantic Ocean from the 50th degree south to the 50ih 
degree north latitude to be about 7330 yards. Now, the mean depth 
of the north nbasin being very nearly 2187 fathoms, the depth of the 
southern basin must be estimated, according to this calculation, at 
about 4920 fathoms. f However, these figures rest on the very 

• Sir John Heriohcl, Phtftieal Geography ^ p 35. 

t Sir John Herschel, Fkyaieal Oaography, p. 72. 
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contestable and much contested hypothesis that the tides, instead of 
forming in a distinct manner in every basin of the ocean, have a 
common origin in the great South Polar Sea, and roll towards the 
north like one immense wave, in the double valley of the Atlantic.* 
As to that part of the Pacific Ocean comprised between Japan and 
the coasts of California, it is not by the swiftness of the propagation 
of the tides, but by that of the earthquake-waves, that the mean 
depth may be approximately estimated. In the terrible earthquake 
of December 23rd, 1854, which partially destroyed several Japanese 
towns, among others Yeddo and Simoda, the vibrations of the marine 
surface traversed an oceanic space of 6,842 miles in 12 hours and a 
few minutes ; and Prof. Franklin Hache was able to calculate, in 
consequence, the swiftness of the waves and the depth of the ocean 
across which they were propagated; this depth is an average of 
2,342 fdthoms.f Besides, various authentic soundings taken in the 
northern basin of the Pacific between California and the Sandwich 
Islands, confirm the result of this calculation, since they indicate a 
depth varying from 1,968 to 2,570 fathoms. Not far from the coast of 
California 2,700 fathoms of depth have been found.f Between the 
Philippine and the Marianne Islands two other* soundings have given 
3,267 and 3,009 fathoms, and even in this last operation the lead has 
brought up specimens of the submarine soil, and 117 Ipecies of 
minute forms of life. Finally, between the Pacific and the fndia3} Sea, 
to the south of the East India Islands, Captain Ringgold 
bottom more than 8| miles below the surface. Thus one might throw 
into this abyss of the sea, not only Pclion on Ossa but Gaourisankar 
itself, the highest mountain of the globe; and even if on its peak 
Mont Blanc were sot up, the summit of this colossus of the continent 
of Europe would not reach to the surface of the water. 

The Indian Ocean, too, is probably very deep in the greater part of 
its extent, but we only know those parts nearest land, and those ii^ 
hardly more than an approximate manner. Its gulfs, like those of the 
Mediterranean and the Atlantic Ocean, have relatively a slight depth 
of water : the Persian Gulf, for instance, having a mean depth of only 
and the Bed Sea of 163 to 273 fathoms. Those parts of the Gulf 
Bengal which are adjacent to the Coromandel Coast and the delta 
if the Gan^s, increase only very gradually in depth except near 
the northern extremity of Ihe Gulf, where a prodigious abyss has 

* * See below, the aection entitled, Th$ ISdet, 

t Btpori tf tk§ United Staiet Oooit^turvty, 
t Sir John Henohel, Phyncdl Otoyrophy^ p. 39. 
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been discovered, called “ the Great Swatch/^ which is no less than 
2,187 fathoms deep, and is bounded on the north, east, and west by 
deposits of mud and ooze, which tho lead touches at some five or 
ten fathoms. The formation of this singular funnel is perhaps duo 
to an eddy of tidal waters, commencing precisely at that spot where 
the alluvium of the Ganges is brought down to mingle with the sea.* 
Almost all the Indian Archipelago, Sumatra, Java, Borneo, and the 
adjacent islands, rest on a submarine bank, having on an average 
only a depth of 33 fathoms, and even at the deepest places only 55 
fathoms. This is probably the base of an ancient continent, of which 
the innumerable islands, scattered over the sea in these latitudes, are 



Fig B —Depths of the Sea at the mouth of the Gauges ♦ 

the remains. Another bank, extending for 435 miles to the north 
and north-west of Australia, supports that continent, and all the 
neighbouring islands, including Now Guinea. A channel of very 
deep water, not yet sounded, separates from the Asiatic archipelago 
those higher Australian levels which also seem to be only the an- 
cient fragments of vanished lands. :{: It is around these two great 
continental basements that the Pacific and the Indian Oceans^ pro- 
perly so called, commence. 

* See in Vol. I the section entitled, Etvfrt 
t The part marked by oross-sbadins^ rf^presents the * Great Swatch ' 

X See below, the lection entitled, Shoru and Ulmd%y and Tk$ Ea/tth and Fauna* 
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With respect to Antarctic latitudes, 1,723 fathoms have been 
found between the 63rd and 64th degrees : near the 78th de- 
gree, at the very side of the enormous barrier of ice, which hinders 
any advance towards the pole. Sir James Ross has touched the 
bottom at 415 fathoms. And this is all the information which 
navigators have given us. The icy sea of the north is better known, 
at least in some parts. To the north of Siberia, the bed of the sea, 
continuing the slope of the hardly-inclinod tundrm^^ extends 
towards the pole with such a slight declivity, that at 156 miles from 
the coast the lead only shows a mean of from 14 to 15 fathoms. 
Around Spitzbergen and the western shores of Scandinavia the 
sea is much deeper, and on the precipitous coast of Norway its 
abysses join the deep channel which separates Scandinavia from the 
lesser depths of the North Sea. More to the west, between 
Scotland and Iceland, the parts explored by McCliniock, with the 
view of laying the telegraphic cable, are rarely more than 328 
fathoms, and nowhere present a depth of water of more than 670 
fathoms. Between Iceland and Greenland a depth of 1,547 fathoms 
has been sounded, and in Baffin's Straits arc abysses of nearly 2,000 
fathoms. This great depression makes Greenland a country quite 
distinct from the American continent. The plateau upon which 
this grand island rests presents slopes relatively very steep. On 
the western side the declivity is in certain places one yard for every 
five of distance, while the western slopes of the submarine plateau of 
Ireland, which are among the most rapid in all the ocean, have 
about one yard of fall for every eight yards of length.* 

We can see clearly that the state of our knowledge of the subter- 
ranean surface is still very limited ; yet the sum of the facts which 
have been already scientifically confirmed gives a great probability 
to the opinion, very natural on other grounds, that the oceans deepen 
gradually towards the south, where the waters occupy the greatest 
extent on our planet. The celebrated chemist and geologist, Bischof, 
thinks we may conclude from the comparison of all the soundings, that 
the bottom of the sea is on an average as near the centre of the globe 
as the poles themselves. In certain latitudes, and notably towards 
the 78th degree north, the terrestrial radius drawn to the bottom of 
the sea is even less than that at the pole, which perhaps is to 
be ♦attributed to the wearing away of the soil by icebergs. But, 
on the other hand, in the greater part of the ocean the bottom of the 
sea is a little more distant from the centre than tha poles, which doubt- 
• Wallich, AtUmtfe Sea-bed, p. 18. 
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less arises from the alluvium brought down by the rivers and the 
accumulations of organic remains. Thus the part of the globe covered 
by the seas might be considered as perfectly round, and Newton's 
hypothesis, explaining the bulging at the equator by the state of 
fluidity in which the planetary mass had originally been, would 
become unnecessary.* 

As to the moan depth of the whole mass of the marine waters, we 
ean hardly estimate it at loss than about 3 miles ; since, as we 
have already seen, the entire basin of the Atlantic, and that of 
the Northern Pacific, which border upon the great northern con- 
tinents, are deeper by many hundreds or even thousands of fathoms. 

Taking as the total surface of the ocean, an extent of more than 
145 millions of square miles, we find that the sea forms a volume of 
about 2^ million billions of cubic yards, that is to say, the 5G0th part 
of the planet itself. Sir John Ilerschel'f gives much higher figures 
for the same volume of water ; but he has taken, as the basis of his 
calculation, the probable maximum of the depth of the seas, that is to 
say, four English miles, more than 3,738 fathoms. Wo cannot speak yet 
with certainty, but one day, thanks to the new observations which are 
added every year to those which science already possesses, it will be 
possible to give figures more relatively exact for the depth of the 
marine abysses, and the mass of water that fills them. One thing is 
certain ; that the highest part of the continent raised above the sur- 
face of the waters is of much leas elevation than the depth of the 
sea ; and we can estimate the land above the level of the sea at only 
about a fortieth part of the mass of waters. Besides w^hich, the 
land itself contains within it an enormous quantity of water united 
either chemically or mechanically with all rocks. 

The water of the seas urged by *1116 force of gravitation constantly 
seeks its level, like the water of rivers and lakes. When, in conse- 
quence of very rapid evaporation, or of a succession of tempests 
blowing from the same quarter of the horizon, the surface of the sea 
is lowered in any gulf, the waters from the adjacent parts rush 
towards the impoverished space, to fill tho void. In the same 
way, when great rains, the swelling of large rivers, or the action of 
winds have raised the level of the sea in one point, this local swelling 
soon subsides, and its superfluity is dispersed over the surrounding 
surfaces. We may, therefore, consider the mean height of the sea as 
the same in every ocean, since tho natural movement of water tends 


• ffestaU der Mrdc und der Meercajtdehe, 


t Ph^iieal Qwgraphy^ p. 17. 
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ever to re-establish an equality of surface in all parts where an ac- 
cidental disturbance b^s occurred. 

Nevertheless, the diversity of climates, of winds, and of currents, 
is such, that certain seas, separated from one another by a narrow 
isthmus, present permanently unequal levels. Thus several German 
engineers believe that they have established the fact that the Baltic 
Sea, into which a great number of considerable rivers discharge them- 
selves, is on an average some inches higher (P) than the North 
Sea.^ In the same manner the Atlantic, whose waters spread out on 
one side into the North Sea, and on the other into the Mediterranean, 
would have a mean level scarcely higher than that of the two basins 
which it supplies ; while the Black Sea and the Gulf of Venice, 
receiving, like the Baltic, several large rivers, would, like the latter, 
be proportionably elevated. On the two sides of the Isthmus of 
Suez the waters are also found at slightly unequal heights. Accord- 
ing to the engineer Bourdaloue, the mean level of the Red Sea at 
Suez exceeds by 31^ inches that of the Mediterranean near Port 
Said ; at low tides the two sheets of water are perceptibly of the 
same level, while at high-watei the sea is sometimes higher by 3^ 
feet in the Bay of Suez than at the northern extremity of the 
maritime canal. A similar difference, too, occurs between the Bay 
of Colon and the Gulf of Panama, and there also it is the mass of 
water in which the tides have the fullest swell, that is to say, the 
Pacific Ocean, which has the highest level. But the measurements 
made on the always unstable level of the sea are very delicate 
operations, as one can so easily make a mistake at starting, through 
the oscillations of the ebb and flow; and over spaces of many miles, 
divided by various obstacles, it is very difficult to avoid slight errors. 
At all events, it is certain that the surface of the sea, unceasingly 
traversed and perturbed by winds, currents, and tides, is not per- 
fectly horizontal at any point of the globe. 


* Woltmann Von Hoff, VwandA^mgtn der Erdoherjlachet t. iii. p. 328 
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CHAPTER III. 

COMPOSITION OP SEA-WATER. — SPECTPIO WEIGHT. — SALT MARSHES, NATURAL AND 
ARTIFIOIAL.—VARIOUS SUBSTANCES. — DIFFERENCES OF BALTNESB. — MARINE 
BALT. 

Besides the ooze, the remains of animiilculsD, and innumerable frag- 
ments held in suspension, the sea- water is also charged with chemical 
substances in solution, which give it a specific gravity considerably 
superior to that of fresh water. This varies in all seas, accordirtg to 
the quantity of the substances dissolved, the amount of evaporation, 
the contributions of rain and rivers, the direction of the currents and 
counter-currents. In the polar seas the specific gravity of the waters 
is also modified by the formation, or melting, of the ice. Every 
variation of temperature, every local movement of the sea, causes a 
more or less perceptible modification in the proportion of the salts 
dissolved, and in the specific gravity of the water. Thus we can 
only obtain an average for the various conditions of the fluid mass in 
the different seas. 

The mean specific gravity of oceans with deep basins is nearly 
r028 ; that is to say, sea- water weighs 2*8 per cent, more than the 
same bulk of distilled water. In the Mediterranean, where the heat 
of the sun evaporates more water than the rivers bring down to it, 
the average specific gravity exceeds 1029; in the Black Sea, on the 
other hand, where very considerable rivers of fresh winter discharge 
themselves, the specific gravity is reduced to 101 G. And all the 
intermediate degrees between these extreme specific gravities are 
found, according to the varied physical conditions which exist, in 
other seas. Furthermore, it seems to be established that the waters 
of the ocean in the southern hemisphere are, on an average, lighter 
than those of the northern hemisphere.* 

The average quantity of all the salts contained in the sea, or the 
Baltness of sea- water, was estimated by Bibra and Bischof at ,35*27 
parts in 1000 ; but much more complete observations made since by 

* Homer ; J. DaT}r.— Bisohof, Lehrhuch dtr ohmitehen Geolo^it, 
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Forcliliammer have reduced this proportion to 34*40. Besides, al- 
most all the analyses^ which up to the present time have been made 
of sea- water, confirm the general opinion of chemists, that the re- 
lative proportion of the matters dissolved is the same in all seas. 
The quantity of common salt (chloride of sodium) dissolved in sea- 
water, is always a little more than three quarters (75 786) of the 
total mineral matter held in solution. 



In the north tropical Atlantic, on the coasts of the Sahara and 
of Morocco, whore the sea receives no tributaries, and where, on the 
other hand, the evaporation is very rapid, the average of oceanic salts 
is nearly 38 parts in 1000. In mid-ocean, and more especially in the 
neighbourhood of America, where the water of many great rivers 
mingles with that of the sea, the saltness is less by one, two, and even 
three thousandths ; but it is generally greater in the tepid waters 
of the great Current called the Gulf-stream, which crosses the Atlantic 
obliquely. The proportion of salts contained in this current always 
exceeds 35 thousandths,* while the water that flows from the pole 
towards the equator by Baffin’s Bay, contains only about 33 thou- 
sandths. It is to the enormous accumulation of ice, that those cur- 
rents owe the slightly less saltness of their waters. The quantity of 
* Bee below, the chapter beaded, CurrtnU, 
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cold water which flows from the Antarctic Pole towards the south of 
Africa and America, contains likewise less saline matter than the seas 
of the temperate and equatorial zones. 

With regard to basins almost enclosed, like the Mediterranean^ the 
Caribbean Sea, and the Baltic, the saltness ought evidently to be 
greater or less there than in the ocean, according as the evaporation 
is in excess of or is inferior to the fresh water brought by the 
rivers and the clouds. In the Mediterranean, the loss in evapora- 
tion being more considerable than the contributions of fresh water, 
the saltness ought to increase in consequence, and the liquid mass 
would constantly diminish, if a current setting in from the Atlantic 
through the Straits of Gibraltar did not restore the equilibrium. 
While the less saline waters of the ocean thus penetrate into the 
Mediterranean flowing along its surface, a submarine counter-cur- 
rent, composed of heavier and salter water, flows deep below in an 
opposite direction, and mingles with the waters of the Atlantic, 
which contain less salt. The mean saltness of the Mediterranean is 
nearly 38 thousandths, and even exceeds 30 thousandths on the coasts 
of Tripoli, where the parching winds of the Libyaf desert blow. 

In like manner the Caribbean Sea seems to present a somewhat 
high relative saltncss because of an excess of evaporation over the 
contribution of fresh water; but the contrary happens in the Gulf of 
St. Lawrence, in the North Sea, and abo\e all in the Baltic and the 
Euxine. The saltness of the North Sea is in different parts from 30 
to 35 thousandths, while that of the Baltic, r shallow sea into which 
so many rivers flow, and where the least wind disturbs the waters,* 
does not quite amount to five thousandthe^; in the port of Cronstadt 
it is not even two-thirds of a thousandth, which is almost fresh 
water. As to the Black Sea, it preserves, even more than the Baltic, 
the character of a gulf of the ocean, for the average saltness is about 
half that of the Atlantic. 

These differences of salinity between the central basin of the 
Atlantic and its tributary seas are not in themselves astonishing ; 
but we do not yet know why the South Sea and Indian Ocean contain 
less saline matter in their waters than the Atlantic, unless the enor- 
mous quantity of Antarctic ice explains this diflerence. While the 
latter has a saltness of about 36 thousandths, the water of the Pacific 
has less by nearly one thousandth, and the Indian Ocean contains no 
more than 35 thousandths of chemical substances. The Atlantic, 
however, receives a greater quantity of fresh water than the other 
♦ Von Sass, Zetitehriftfiir d%e Erdkunde, 
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oceans, and the evaporation is probably not so great on an average 
as in the Indian Ocean. But nevertheless the Gulfs of the Indian 
Ocean present phenomena analogous to those of the inland seas of 
the Atlantic. Thus the Bed Sea, into which no single permanent 
stream of water flows, and where evaporation proceeds with very great 
intensity, shows the enormous degree of saltnoss of 43 thousandths ; 
such a proportion as is only found in inland salt-water lakes.* 

Chloride of sodium or common salt contributes, as we have said, 
three quarters of the saltness of sea water : this is indeed the cha- 
racteristic salt of the ocean which most of all gives it its peculiar 
flavour, and that odour with which the sea-breezes, laden with the 
fine spray of the waves, are charged. The air which rests on the sea 
also contains salt to a considerable height; at an elevation of 2,000 
feet above the coast on the sides of the mountain which towers above 
the Peruvian town of Iquique, Mr. Bollaert asserts that any materials 
washed in distilled water are covered in a few days by a slight 
incrustation of salt.f 

• The thickness which a layer of chloride of sodium in the open 
sea would form if crystallized, would be on an average nearly two 
inches to every fathom of water, so that if one could imagine the 
entire evaporation of the waters of the ocean, estimating them to 
be on the average above three miles deep, there would remain at the 
bottom of its bed a layer of salt of about 230 feet in mean thick- 
ness, which would represent for the whole extent of the seas more 
than a thousand millions of cubic miles. We can understand how, 
with such vast quantities of chloride of sodium in solution, the sea 
has been sufficient to form those enormous beds of rock-salt that 
ore found in the earth in various parts of Europe, without reckon- 
ing many other deposits which still remain to bo discovered, and 
which, sooner or later, will bo revealed to us by the labours of 
miners, or by Artesian borings. 

Then, too, we may see the ocean at work on all the low coasts, 
where it deposits saline beds, destined to become in process of time 
masses of rojck-salt, after they shall have been buried beneath more 
modern strata. When, in consequence of a tempest, or of a high tide, 
the waters of the ocean are spread in a thin sheet over a flat shore, 
or in some deeper depression, this slight bed of salt water, spread 
over a vast surface, evaporates rapidly under the rays of the sun, and 
leaves in its place a slight white crust of saline crystals. Other 

* Forchhammer, Philosophioal Trantaotiona^ part i. 1865. 
t Antiquities^ p. 268. 
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sheets of water, urged by the billows or the tide into the same basin 
of evaporation, disappear likewise, forming new layers of crystals ; 
it is thus that real banks of a considerable thickness are gradually 
formed on the borders of the sea, as well as on the shores of inland 
seas and salt lakes.* 

Even the Black Sea, where the proportion of salt is relatively very 



Fig 10 —Salt Marelies uf Bessarabia 

inconsiderable, is, on the greater part of its shores, bordered with 
these natural salt marshes In Bessarabia, to the south of Odessa, 
three “ limans ” of a total area of many square miles, cease 
in summer to receive their affluents of fresh water, and all the 
water which has been brought there in winter, evaporates, leav- 
ing an incrustation of salt; towards the centre of the basins of 
crystallization the solid mass attains nearly an inch in thickness. 
In 1826, these natural deposits, worked by the natives, produced 
about 120 thousand tons of pure salt.f In most of the popul- 
ous countries of Western Europe, man has converted these casual 

* Bp 6 in Vol. I the section entitled, Lakes 
t Bischof, Lekrbueh ier chemtseheft und phystkaltschen Oeolopte 
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swamps into salt marshes with regular outlines. The unequal de- 
pressions, where the water of the sea evaporated accidentally, are 
transformed into reservoirs, where the water is conducted from com- 
partment to compartment, to saturate itself gradually and deposit 
the pure salt in equal layers. But these are only economical works ; 
man is confined to regulating the operations of the sea itself.* 

Besides common salt, many substances which are exceptionally 
found in inland waters and hot springs, form a part of the normal 
composition of sea-water. The various simple substances which 
science has been able to discover therein (either directly by the 
analysis of the liquid, or indirectly by the study of the plants which 
draw all their nourishment from the ocean) are twenty-eight in 
number ; but doubtless numerous other simple substances are like- 
wise contained in sea- water, many of which will not long escape 
the piercing researches of chemists. 

After oxygen and hydrogen, which constitute the liquid mass itself, 
the principal elements contained in sea-water are: chlorine, nitro- 
gen, carbon, bromine, iodine, fluorine, sulphur, phosphorus, silicon, 
sodium, potassium, boron (P), aluminium, magnesium, calcium, stron- 
tium, barium. The common fueus and other sea-weeds contain the 
greater part of these substances, as well as several metals. They have 
discovered copper, lead, and zinc, in the ashes of Fucm vesiculosus ; 
cobalt, nickel, and manganese in those of the Zostem manna. Iron 
may be obtained directly by an analysis of sea-water, and finally 
silver is found in a zoophyte, the PoiiUopora, Forchhammer has 
obtained from a branch of this coral about a three milUonthof silver, 
mixed with six times the same quantity of copper, and eight times of 
lead. A slight proportion of silver is precipitated on the bottoms of 
ships, in consequence of the magnetic current established between the 
copper-sheathing and the water of the surrounding sea.f And lastly, 
arsenic has been found in the boilers of steamers which have been 
supplied with sea-water.J It is true that these various substances 
only exist in infinitesimal proportions in the water, and it is by in- 
direct meafts alone that chemistry succeeds in revealing them ; but 
the total mass of silver contained in the ocean is estimated at two 
millions of tons. 

The seas having most probably received from the terrestrial strata, 
which have been unceasingly worn away by the currents of water, all 

♦ See below, the section entitled, Tlie Worh of Man, 
t Philooophioai Tramactionty part I* 186^. 
t Bisohof, Lohrbnch der ehomitehon und phfBtkaluekon Otologxo, 
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the substances which they contain in solution, we may conclude that 
the proportions of these substances have continually varied during 
the geological eras. The saltness would be modified from age to age, 
according to the various quantities of soluble substances which the 
rivers brought down to the ocean ; and which it returned again to the 
land, either directly, by depositing them on the shore, or indirectly, by 
fixing them in the tissues of its plants, corals, and other organisms 
which people its expanses. By ingenious comparisons between the 
conditions of the present day and those which seem to have existed in 
former times in the sedimentary beds, several geologists have attempt- 
ed to determine if the substances in solution in sea- water have aug- 
mented or diminished. But the conclusions at which they have 
arrived rest, at present, on data too hypothetical for us to regard 
them as a new conquest of science. It is only certain that in our 
day the proportions of the substances dissolved have not ceased to 
vary in every sea. We can judge of this by the enormous difference 
that there is between the saltness of the waters of the Caspian and 
those of the Black Sea, two separate basins which formed a part of 
the same ocean at a geological epoch still comparatively recent. 

Sea-water contains also a great quantity of the atmospheric gases, 
the proportions of which constantly change with heat, light, the 
motion of the waves, and barometric pressure. Salt water retaitis 
dissolved air better than fresh water, and the bulk which it ab- 
sorbs is generally greater by a third than that found in rivers. It 
varies from a fifth to a thirtieth, and gradually increases from the 
surface to a depth of about 325 to 380 fathoms.* Carbonic acid gas 
is also contained in a relatively very considerable proportion in 
sea-water, as might have been expected from the swarming myriads 
of marine animals. Under the influence of light, plants decom- 
pose this gas, which diminishes during the day and is increased 
again during the night. As to the quantity of dissolved oxygen, it 
varies inversely; during the day it increases by degrees, to be again 
reduced in the hours of darkness. As by a sort of respiration the great 
sea, that immensity alive with organisms, absorbs and liisengages 
alternately the gases necessary to the maintenance of life, and mea- 
sures each breath by the daily course of the sun. 


• BUchof, Lehrbueh dtr cKemiiohtn und phydkdmhen GeokgU. 
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CHAPTER IV. 

VARIOUS COLOURS OF SEA WATER.— REFLECTIONS, TRANSPARENCY, AND PROPER 
COLOUR. — TEMPERATURE OF THE DEPTHS OF THE SEA. 

Owing to the double property which water possesses of reflecting 
light and allowing its rays to penetrate to u great depth, it presents 
successively the most varied colours, the most delicate tints, with 
alternations the most fugitive and changeable that are to bo found in 
nature. The sea produces and at the same time modifies the^varied 
face of the heavens with all the play and gradation of light and shade. 
At dawn, the surface of the water is gently brightened by the glimr 
mering of the atmosphere as yet pale and faint ; then the sparkling 
of the waves becomes more brilliant, and the full light of day pours 
a flood of fire upon the billows, The least movement in the air is be- 
trayed by a change in the aspect of the water, every cloud in passing 
mirrors itself with the forms and shades of its vapours, every breath 
of wind that just curls the waves renews the harmony of the change- 
able colouring on the face of the ocean. And when evening comes, 
the sea reflects back to the sky all its splendour of purple and flame. 
It is then that wo see on the horizon, “ two suns appear one in front 
of the other.'' 

But the water does not owe its beauty to the splendour of the sky 
alone, it is beautiful also from its transparency ; whilst the substances 
suspended in the liquid mass, which are visible to a considerable depth, 
modify by their own colour the general tint of the sea. The animals, 
fish or cetaceans, which come to the surface or glide swiftly through 
the waves, cause them suddenly to glitter with changing reflections 
of grey, rose, green, and silver. The fuci, too, growing beneath the 
water, vary the aspect of the liquid strata which cover them, and where 
these beds of plants alternate with ridges of bare rock, or tracts of 
sand, the sea presents a wonderful mixture of different shades with 
blended and tremulous outlines. In those latitudes where the 
water is very transparent, the colour of the ground may be thus dis- 
tinctly seen at 10, 20, or even 25 fathoms below the surface, 
which navigators have confirmed by scientific observations made 
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with the greatest care.* But this transparency does not seem to 
depend upon the intensity of light received, for in the Arctic Seas 
floating objects can bo perceived at as great depths as in the Ca- 
ribbean Sea ; and it is indeed in polar latitudes that the eye of man 
has been able to penetrate to the greatest depth below the surface. 
According to Scoresby, that conscientious explorer of the polar seas, 
the sea-bed of the pure waters in these regions is sometimes visible 
at a depth of 70 fathoms, f It is true that, in consequence of 
climatic differences and the organic life which depends on them, 
the bottom of .the sea is much more curious to contemplate in 
the tropical zone than in the neighbourhood of tlio poles. There 
is nothing more delightful than to sail over one of those seas 
wherof without fear of hidden rocks, one can watch the bed of the 
sea reveal itself far below the prow of the vessel. Numerous algae, 
green or rose coloured, wave gracefully below the surface like the 
grasses of a brook ; the molluscs crawl along the bottom ; crustaceans, 
fish, star fishes of brilliant colours, and many other animals of strange 
form, glide slowly or dart like arrows through the blue water, glisten- 
ing in a thousand changing hues; while the NemU'tida and other 
living ribbons softly unroll their transparent rings. One might fancy 
oneself suspended above another earth, and floating in an aerial ship. 
The white foam on the waves raised by the keel of the ship, and the 
iridescent colours which sparkle in the spray, add fresh charms to 
this wonderful picture. 

Even when the bed of the sea is not distinctly visible, it does not 
fail to reveal itself by the peculiar tint it imparts to the water. In 
general the colour of the sea is lighter near the coasts, and even at 
a depth of above 100 to 150 fathoms, a paler shade of the water at 
times makes known to the practised cy(i of the mariner the relative 
proximity of the bottom. Not far from the coasts of Peru, de Tessan 
perceived that the sea had suddenly assumed a tint of dark olive- 
green, and when he caused a sounding to be taken, it was found 
that the mud at the bottom was precisely of this colour. Numerous 
navigators have affirmed that in one part of the Lagullas bank, where 
the mass of water is above 100 fathoms deep, the water passes sud- 
denly from blue to a greenish colour.} Lastly, off Loango, the 
water is always brown, similar to that of the bottom, which Tuckey 
has found to be of an intense red. Is, then, this colouring owing to 

* Cialdi, Sul moto ondoso del marty p. 284. 
t Arctie Hegione, See also the Notice of Arago, (Emree eompUtea, t. ix. 

X Arago, ihid. 
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the san*s light, which descends through the liquid depths to the 
bed of the sea, and is reflected again to the surface; or does it 
result, as Cioldi thinks, from particles of mud that are floating in 
the water P * 

Another question, difficult to solve, is that of knowing what is the 
natural colour of the sea- water. Not to mention local colouring, result- 
ing like phosphorescence from numberless minute living organisms, t 
the various parts of the ocean almost always present, whatever may be 
the state of the atmosphere, a normal tint easy to bo distinguished from 
accidental shades. Thus, to cite one of the most striking contrasts, 
the water of the Gulf of Gascony is of a sombre green, while in the 
Gulf of Lyons the water of the Mediterranean is of a magnificent 
azure, deeper than tha< of the sky. The wonderful blue colour which 
rises from the depths of the water in the grotto of Capri, so frequently 
visited by travellers, is a well-known example of the degree of inten- 
sity to which the blue peculiar to the waters of tl»o Mediterranean 
can attain. In the tropical latitudes of the Atlantic and the South 
Sea, the azure of the ocean is no less beautiful than that of the 
Tyrrhenian Sea; while in the direction of the polos the water 
gradually assumes a greenish tint. Naturalists have concluded 
from this fact that the refraction of the rays of light, which are 
much more vivid under tropical latitudes, play a principal part in 
the blue colouring of the sea. Maury thinks that the saltness is 
also one of the causes which contributes the most to give its azure 
tint to the water; and observes that the Gulf-stream of the American 
coasts, superior in salinity and in temperature to the water around it, 
is also of a much deeper blue. In the same way the shallow water 
let into the salt marshes of coasts, gains in intensity of colour in 
proportion as the salt is concentrated there. Still it is very possible 
that the colouring of the sea is due in great part, like the marvel- 
lous tints of the Swiss lakes, { to innumerable corpuscules held in sus- 
pension, upon which the light strikes. 

The law of the distribution of temperature, in the depth of tho 
ocean, is not as yet more determined than that of the colouring of 
the water. At the surface of the sea it is as oalSy to make observations 
as in the air, and it has been determined, without difficulty, that this 
Buperficiol sheet of water presents on an average, in aU climates, 
tho same degree of heat as the superincumbent atmosphere. Thus, 

* Sul moto ondoio del mare^ p. 287. 
t Seo below, tbe section entitled. The Earth and its Fauna. 

X See in Vol. I. the section entitled, Zaket, 
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from the polctr regions to the equatorial zone, the water becomes 
warmer with an almost regular gradation, and, from the freezing- 
point under the Arctic circle, the temperature rises to 68® and 77“ 
Fahr. under the tropics, and.^to 86“ and even above 90® Fahr. in 
the Pacific, the Red Sea, and the Indian Ocean.* With regard to 
the increase or decrease, of he^it in a vertical direction, we had till 
recently only the vaguest' notions, in consequence of the want of 
exabt soundings. It is in fact very difficult to lower to a depth of 
several hundred, and even several thousand fathoms, thermoipetrical 
apparatus strong enough to resist the enormous pressure of one 
atmosphere for every 33 feet. 

Sir James Ross was one of the first who attempted to apply the 
resources of modern science to a systematic exploration of the 
temperature in the depths of the sea ; but he seems to have com- 
mitted the error of generalizing too hastily from the incomplete 
results which ho had obtained ; and in his eagerness^ he believed he 
had discovered a law, which the subsequent researclffs of navigators 
have not confirmed. Ho thought that he co\ild establish the fact 
that under the equator the temperature of the water diminishes 
gradually to 1200 fathoms, where it is only 39*2 degrees Fuhr. 
On each side of the equator the upper waters gradually cool, and 
the limit of four degrees is progressively raised towards the sur- 
face ; it is at the fiftieth degree of latitude, in the southern hemi- 



Fig. 11. Sheet of Water proaumed t^be at a temperature of 89‘2 Fahr. 

sphere, that it finally reaches the level of the sea. Farther in 
the direction of the pole the superficial wfiiter continues* to grow 
colder, while the line of four degrees sinks gradually to the depth of 
765 fathoms. Thus, as the accompanying figure shows, the of 
^ ^ Fitzroy, Weathir^Bookt p. ^4. 
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uniform temperature to the south of the equator describes a long 
curve, touching the surface of the water at one point only. Ad- 
mitting with the naturalists of his time, that the sea- water has its 
greatest density, and in consequence its greatest relative weight, at 
seven degrees above freezing-point, -Sir James Boss concluded from 
this that all the deep waters below tjiis line of 39*2 degrees have 
the same temperature, and are collected by reason of their con- 
densation at the bottom of the oceanic basins. 

Nevertheless it has since been proved, by the observations of 
Neumann * and other scientific rilen, that if the greatest density of 
fresh water corresponds in reality to 39*2 degrees Fahr., the water 
of the sea only attains this maximum at nearly four degrees below 
freezing-point (28*4 Fahr.), or even at still lower temperatures, 
and, in consequence, the conclusions at which Sir James Boss arrived 
are negatived. Experiments made in chemical laboratories, however, 
where substances are treated in small quantities, cannot give a 
perfectly exact notion of the phenomena which have nature itself for 
their theatre, and which take place either in the aerial spaces or in 
the vast oceanic basins. Thus, as the celebrated meteorologist 
Miihry says, the immense sea, and a bucket-full of salt water, do 
not obey absolutely the same laws of temperature and density. But 
before the difference is established, nothing can authorize us in 
maintaining a superannuated theory against all the experiments of 
chemists, according to which the volume of salt water in the sea in 
cooling presents phenomena identical with those of fresh -water lakes. 
Moreover, during the past years, numerous observers of polar seas 
have found at groat depths, beds of water, at a temperature lower 
than 39*5 degrees Fuhr.f 

That which remains of the researches of the eminent navigator, 
Sir James Ross, is that in the tropical and temperate seas the heat 
diminishes gradually and constantly to a considerable depth. This 
is what has been put beyond all question, by soundings taken by 
Fitzroy and other marine explorers. To the south of tha island of 
Madagarfcar, the surface of the water having then a temperature of 
75*2 degrees Fahr., Fitzroy ascor|sined that the thermometer fell 
in the most regular manner, till at the depth of 420 fathoms, where 
they ceased sounding, t^e temperature indicated hardly exceeded 
61*8 degrees Fahr.J 

• XTeber dis Dichtigktit heim Meerwasaer, 
t Fitzroy, Weather^Bookj p. 81. 

X Adventure and Beagh^ Vol. II., Appendix, p. 303. 
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In the enclosed basins of inland seas thermometrical observations 
are much more easily made than in the middle of the great ocean ; 
because the waters there are generally less deep, and the natural 
gradations of temperature are less disturbed by currents. Thus the 
water is not very cold in the depths of the Mediterranean, and 
presents only slight variations of temperature. At about 100 to 275 
fathoms below the surface, the fluid mass has already attained per- 
manently the mean temperature, which it preserves during all the 
year, and which seems to correspond to the mean annual tem- 
perature of the neighbmring lands, which are subject to all the 
abrupt changes of heat and cold.* While in summer the superficial 
sheet of water has about 73*4 degieob Fahr., the water comprised 
between 273 fathoms depth and the very bottom of the JMcditer- 
ranean is found at 59 degrees Fahr., which is pretty nearly the 
mean annual warmth of the bordering countiies. In the Greek 
Archipelago, the deep waters of whicli are probably colder in conse- 
quence of the current flowing from the Black Sea, the waters of the 
surface have in summer from 77 to 78*8 degrees Fahr., and at hardly 
98 fathoms depth the tliermometcr reveals a constant temperature 
of from 53*G to 55*4 degrees Fahr. The Mediterranean is divided 
into distinct basins, separated from one another by intermediate 
ridges, which are situah'd fioni 98 to 273 fathoms below the surface, 
the result being that the vaiiations of temperature produced by 
the movements of currents and counter-currents are arrested on 
the tops of the ridges. The water of eaeli basin, being relatively’’ 
tranquil, thus maintains almost constantiy the same theimometrical 
degree, t 


♦ See below, the section nititlcd, Cltmaiea, 
t Spratt, Nautical Mayuzimf Jan. 1860. 
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CHAPTER V. 


FOEJIATION OP ICE. — ICE-FLOES, FIELDS OP ICE, AND ICKBEBOS. — ICE IN THE 
BALTIC AND THE BLACK SEA. 

In tlie Polar Seas tho low tcmporaturo results in the formation of 
ico. During the long winters of these cold regions, the tranquil 
water of the bays and gulfs freezes round the edge of the coasts, and 
the crystallized mass gaining incessantly on the sea finally extends 
to a considerable distance. This is ‘‘ ground-ice.’' Tho surface of the 
sea disappears like that of the lakes under a solid layer; but the 
manner of forming the icy crust differs, for in the rivers and basins 
of fresh water, crystals of ice at first appear over almost the entire 
surface, but in the seas which Inve no great depth it is generally 
from tho bed itself that the liquid mass congeals. 

In fact, salt water has not, like fresh water, its greatest density 
at the temperature of 39 '2 degrees Fahr., but it becomes hea- 
vier and heavier in proportion as it freezes. The coldest strata of 
water, being also the hea^ icst, descend vertically towards tho bottom 
of the sea, and displace the lower strata, which are lighter and of a 
higher temperature. While the water which descends to tho bottom 
in rivers has a Rormal heat of seven degrees above freezing-point, 
the sea-water which fulls deeper may have been chilled to 32® 
Fahr., or even many degrees^ below it. Whril the mass is not 
agitated, it remains liquid, but, on tho slightest disturbance, it 
suddenly turns to ice. Sometimes, at the commencement of winter, 
the mariners and fishermen of t^ Baltic and wpWtarn coasts of Nor- 
way find themselves suddenly surrounded by floes of ice, which rise 
from the bed of the sea and v/hich still contain fragments of fucus. 
It appears so rapidly that the boats often, run great risk of being 
crushed between the solid musses which are piled around them, and 
the crews are in imminent danger. Around tho rocky coasts of 
Greenland, Labrador, and Spitzbergen, these ice-floes often raise huge 
stones which they have torn fromjthe bed of the sou.* 

^ * Edlund, Po(fgm%dorf*9 AnnaUn^ czzi. 
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In the open sea ice is also formed. In winter, when the air is 
calm, the snow falls in largo flakes on the tranquil waves, the sea is 
soon covered with a kind of scum, which gradually changes into a 
thin coating of ice. Tlie wind may break this layer when barely 
formed, and the tiny scattered fragments may be surrounded with 
water from the melted snow, which does* not mix with the salt-water 
of the sea, and glitters feebly with iridescent hues beneath the 
rays of an oblique sun ; but this does not last long, and the cold soon 
re-forms the layer of ice.* Even in despite of wind and wave, innu- 
merable noodles of ice, which give to the surface of the water a pasty 
appearance, spread their network over the sen, and soon consolidate 
into a thick layer, which constantly increases ns the cold of winter 
becomes more and more rigorous. Hy the natural clumnstry of the sea, 
which is an immemse laboratory, tlu' mass of ice is in a great measure 
freed from the salt which is found in sea- water ; for, according to 
the observations of !Mr. AValker, it contains hardly more than five 
thousandths ; that is to say, about a fifth of its normal quantity, 
l^he water nearest to the new ice mixes with thr cxj)elled salt, be- 
comes heavier, and as the freezing-point is at the same time lowered 
it descends deeper in the water without becoming solid. This is 
the reason why in the open sea the water is rarely frozen for any 
considerable depth below the surface, as one might expect. f 

In consequence of the frequent collision of these fragments of ice 
tossed by the \vaves, they generally assuiiK' the same circular form 
as the flakes of ice on rivers. They are roimdlets of a very incon- 
siderable diameter, slightly raised at the edges ; the English sailors 
term them “ ice-cakes.'' But the cold becoming more intense, these 
disks finally adhere to one another, and before long millions of them, 
united in vast fields, form islands which stretch to the farthest 
horizon. Sometimes these “ ice-fields " have a superficial extent of 
hundreds of thousands of square miles, and even constitute, by 
their dimensions, real continents. Those which border upon the 
eastern coast of Greenland have not been melted for four centuries, 
and effectually prevent the approach of navigators to the land ; 
those connected with the Siberian coasts arc still more considerable, 
because of tho long extent of shore which serves as their base. In 
the Polar archipelago of America, ice bars tho entrances of the 
channels almost every year, and raises before tho navigator an impass- 

« Gustavo Lambert, Expedition au Pole Kord. BuVcfui de la Socitlfe de Ghgraphic^ Dec. 
1867. 

t Neamami, Vfbet die Dichfigheit deim Meerwaeger, 



FIELDS OF K^E. 


a? 


able wall. TTow many times have the explorers of Arctic seas tried 
in vain to find a passaf^o through these barriers, and have remained 
imprisoned in the solid mass, after having ventured into some 
deceitful opening of the ice-field ! 

These interminable white surfaces are almost always bordered on 
the seaward side by blocks and disks rocking or whirling on the 
billows ; these are the scattered islands which announce the neigh- 
bourhood of continents of ice. Those which are elevated on an 
average from 3 to 6 feet above the water, and the bases of which 
descend from 20 to feet below the surface, have soinotirnos a toler- 
able uniformity of ns])ect, and when at times the snow covers all in- 
equalities the ice-field seems to bo transformed into an even plain 
like the Russian SteppSs»-<» But the ice is mu(‘h more often rugged; 
fantastic hillocks, formed of all the wreck- fragments which the 
floes of ice have thrown up in dashing against each other, appear 
here and there several yards high. Tlicre arc some which one 
might even confound with the enormous blocks tliat have fallen 
from tlie glaciers of Greenland or of Spitzbergen, and which 
really cannot bo distinguished from them but by the slightly saline 
taste of the icc. These projecting masses are seen from afar above 
the sea, and remain erect long after the iee-licl'd has melted. In the 
Hiberian seas, whore they give them the name of iorosesy most of 
these hillocks, composed of the ice of tho preceding winter, are easily 
melted by the first warmth of summer ; but there are some which are 
preserved from year to year, and which remain indestructible during 
centuries, even under the rays of the sun. The Ostiac hunters, 
wlio frequently see these ioroscs run aground on tho Siberian coast, 
designate them “Adam’s ice,’' and imagining that they are contem- 
poraneous with the origin of the world, assert that oven fire itself is 
powerless against their cry&taMiiic masses.* 

In spring-time and in summer, when the great heat commences in 
tho polar zone, the force of the currents, whose action constantly 
makes itscK felt beneath the ice plains, detaches from tho remainder 
of the mass enormous fields of ice several hundred square miles 
in extent, and carries them far towards the open sea. The vessels 
of the explorers or whalers, which have been set fast in the bed 
of ice, are then carried out of their course with the broken field. 
Courageous sailors who have penetrated beyond Baffin’s Bay have 
often thus been brought back by the current for hundreds and thou- 
sands of miles, and have only been able to regain the way they 

* F. Ue Wrangcl, Voyagcy Appendiccy p. 3H. 
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have lost at the price of most painful efforts, or have even been 
obliged to abandon their enterprise completely. Such was the 
case in the sea around Spitzborgcn in 1777 ; ten Dutch vessels 
were driven with tlio ice more than 1500 miles towards the south- 
west, and shattered on the way. It was a phenomenon of the same 
nature which prevented Ciiptain Parry* from reaching the North 
Polo. He had already approached nearer to this point than all 
preceding navigators, and had taken a sledge to cross the ice- 
field ; but each day, notwithstanding the great distance appar- 
ently traversed in the direction of the pole, he found himself further 
than the day before from the goal towards which he marched. The 
reason being that the continent of ice which bore him was being 
itself carried rapidly towards the south. White bears are thus some- 
times carried by ioe-floes, and landed on the coasts of Lapland.* 
When once broken, the ice-field soon disappears ; large fragments 
driven by the currents and the waves arc daslied against each other 
with the enormous force which a weight of hundreds of thousands or 
millions of tons gives. Shattered by the terrible ^liock, these masses 
are divided into pieces of smaller dimensions ; the cementing ice 
being destroyed by the fragments of the more ancicntly-lbrmod ice- 
field, the turrets and pinnacles which stand here and there begin 
to melt and fall, and a few days after tlie tliaw has commenced 
nothing remains but a few ice-floes and uneven blocks gently rocking 
with the waves. To account for this rapid disappearance of the ice- 
fields (in which the infinite tiny organisms f of the sea also aid) the 
inhabitants of Greenland imagine that the entire mass is engulfed in 
the depths of the ocean. Even in the Baltic, where this phenomenon is 
comparatively much less remarkable, the Danish sailors, almost with- 
out exception, assert that in springs time the ice-floes are swallowed 
up by the sea, although not one of them has witnessed the immersion. J 
But what is more easily corroborated is the strange noise that always 
accompanies the breaking up of the ice. With the crash of the meet- 
ing ice, more deafening, more terrible than that of cannon answering 
to each other, with the roar of the waves, and the groaning sound 
from the breaking disks and the air which escapes from them, is 
joined a kind of crackling, similar to drops of rain falling on plates 
of metal. This noise, which is heard also on mountain glaciers, 

• Barto von Lriweniffh, Mittheihmgm nm Tetermann^ Er^anzungsheft xvi. 

■ f See bolnw, the section entitled, Barth and ita Flora. . 

X Forchhammer, Fhiloanphieal Tranaactionsy part I., p. 233. 1S63. . 
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results, as Tyndall has shown, from the incessant breaking up of the 
crystals which compose the mass.* 

Whatever picturesque beauty there may bo in the ice of marine 
formation constituting this field, it is fur inferior to that of the 
masses which are detached from the glaciers of Greenland, Spitz- 
bergen, and other countries of the North Polo Enormous frag- 
ments may be separated from the end of the glacier in two differ- 
ent ways, according to the temperature of the sea into which they 
protrude. In Spitzbergen and on the coasts of southern Green- 



Fig 12 — Glacior of La Madelemo, on the* coast of Spit^bergon 

land, the congealed mass, which often projects far into the sea, 
is gradually undermined by the comparati\ oly warm waves which 
beat against il, and the remaining fragments overhanging the water 
are detached with a terrible noise, and plunge into the ocean. M. 
Martins and other members of the French expedition to Spitzbergen 
have observed this at the base of all the glaciers of that archipelago. 

* See in Vol. I., the chapter entitled. Snouts and Glactera, 
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But in yery cold seas, like that of Smith’s Strait, the water, being of 
a still lower temperature, cannot melt the glacier, which continues its 
course into the bay, its extreme end reaching far into the depths of 
the ocean, like an immense plane gliding over the rocks. Though 
lighter than the water, the enormous frozen mass is kept below be- 
cause of its cohesion to the mcr-clo-gJaco which drives it along. 
But the moment comes when that connection breaks, and obeying at 
last the force which its buoyancy imparts to it, it shoots to the sur- 
face, and after repealed oscillations from the change in its centre of 
gravity it rises in huge towers or fantastic peaks.* We can imagine 
what a chaotic mass all these fragments, mixed with the marine ice 
and the remains of ice-fields, must produce in narrow bays, or in 
very contracted arms of the sea. It was across one of tliese pro- 
digious “ packs,” in Smith’s Strait, that the intrepid Ilaycs, with 
almost superhuman perseverance, passed. 

These glistening icebergs are the splendour of Arctic sens. Often 
of colossal dimensions, they present at times forms of almost per- 
fect regularity, whilst at others they assume the'^most varied and 
fantastic shapes. Lofty towers, columns in pairs, with groups of 
sculpture, and statues, like marble divinities, rise above the sea. In 
comparatively w^arm seas like those of Spitzbergen, which arc af- 
fected by the Gulf-stream, the ice is constantly worn aw^ay; and 
those parts of the floating masses w^hich rise above the surface of 
the sea generally assume the appearance of 2)illars, with more or less 
overhanging capitals, fringed with stalactites. Tlie summit is white 
and occasionally covered with snow, while the fluting of the column 
w^hero the more compact ice has b( on bathed by the waves has an 
emerald or sapphire hue. The foundations of the columns are pierced 
with etwes, into which the water rushes with a hollow murmur ; 
and at times they arc riddled with small holes, from w^hich each wave 
springs in diverging jets. Silvery fountains burst alternately from 
either side of the column according to the inclination given to it by 
the sea.f In very cold water, like that of the Arctic Archipelago, 
the opposite phenomena occur. Instead of being worn away and 
melted by the waves, the blocks fallen from the glaciers at first 
gradually increase in dimensions, on account of the low temperature 
of the water into which they are plunged, which solidifies around 
the foot of these enormous floating towors.ij: 

* Rink ; Hayes, The open Polar Sea. 

t Barto Ton Lowenigh, Mittheilungon von Petermann^ Erganzungshefb, xvi. 

I Edlund, Poggendorf'e Artn'ilen, cx\i. 
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The larger masses detached from the glaciers are known under the 
name of icebergs. Dr. Wallich was able to measure some of them on 
the coasts of Orocnlund, by ascertaining the depth below water of the 
bank on which several of these moving bcigs had been stranded; 
and he found that, with the regularly formed blocks, the part above 
the level of the sea is never .more than tlie fourteenth or sixteenth 
part of that beneath the level of the water. AVith respect to the 
masses whose exposed portions tcmiinatc in a cone or a pyramid, 
they descend to a loss depth, in proportion as tliey present a more 
considerable bulk above water. But the total height of the iceberg 
always exceeds by seven or eight times the visible portion. 

By these proportions, mariners can judge of the real size of the icy 
masses which they sec stranded on the coasts of Newfoundland, or melt- 
ing slowly as they float far out into the Atlantic. Enormous blocks 
have been seen from 300 to 400 feet high, so that these fragments 
of glaciers measured more than 3,000 feet from summit to base ; that 
is to say, an elevation ecjual to the highest mountains of England or 
Irolniid. One of these masses which was encountered by the ship 
Acadia off the bank of Newfoundland, amidst a lubyrinlh of other 
floating mountains, was about 480 feet high, surmounted by a kind 
of dome resembling St. Paurs Cathedral in a most singular manner. 
Twenty days later, vhen on her homeward voyage, the Acadia found 
the same icelKTg C8 miles more to the south. A great number 
of these travelling masses have been seen, measuring several miles 
in length and breadth, whose bulk amounted to tens of thousands 
of onbic yaids. As to fragments of ice-flelds, some have been 
met with measuring not less than, from 50 to 100 miles in each 
direction. 

The slow movement of the block observed by the Acadia ^ which 
only advanced a little more than three miles per day, j)rovcs that 
icebergs offer considerable resistance to the current which carries 
them. The checks to which they are subject on the way, such as 
partial strandings, or when the surface and under currents urge 
them in opposite directions, retard their speed considerably, and often 
change them into seemingly stationary islets. Towards the end of 
1855 an unexpected circumstance, still more remarkable than that 
of the berg seen by the Acadia, shows us exactly what had 
been the progress of an iceberg during the space of more than a 
year. An American whaler sailing in Davis’s Strait perceived a dark 
mass in the middle of a group of floating peaks ; this mass was the 
ship ReBolute which the British Government had ^ent out in search 
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of Franklin, and which the crow, having ventured into the ice- 
pack, had abandoned to continue their way in sledges. When the 
vessel was found again, it had been already detained in its floating 
prison for sixteen months, and during that space of time had only been 
carried about 870 miles, counting the necessary turnings through 
Barrow’s Strait and Lancaster Sound. Thus the ship, abandoned 
in the Polar sea, had not exceeded the speed of 130 yards per hour 
in its progress towards the Atlantic, which is a hardly perceptible 
advance. In the history of the great Arctic expeditions three other 
vessels arc mentioned, which were carried iff the same manner to- 
wards the ocean, but without having been abandoned by their crews ; 
these were the ships of Sir John Iloss, of Lieutenant dc Haven, and 
of McClintock. The last-named navigator was a prisoner for 242 
days, and advanced about 1120 miles towards the south, that is to 
say, about 34G yards per hour. 

The enormous masses of icebergs like gigantic ships are often 
stranded on shoals, even where the deiith of the soa exceeds a hun- 
dred fathoms. Arrested in its southward drifting the immense 
block gradually dissolves or divides info fragments, which in their 
turn are stranded on some other bank, at a less depth. Lay by 
day the waves melt and destroy great quantities of ice, which then 
let fall the gravel and stones w ith which it w^as charged, and in this 
manner continually raises the sea-bottom. Every year new beds of 
rock, pebbles, and earth from the mountains of Greenland and the 
archipelago of North America are thus deposited on the bank of 
Newfoundland, and in the neighbouring seas, laying the foundations 
of a now continent. Doubtless the Great Bank, which extends over 
a tract of above 55,000 square miles, and which has its found- 
ation in a sea of about four to six miles deep, is composed entirely 
of this moraine-matter .of glacial origin. Thus during a long series 
of ages the ice-floes have been labouring w’ithout relaxation to de- 
molish the Arctic lands, and to construct new continents in the seas 
of the temperate zone. 

From the time of the breaking up of the northern ice, that is to say, 
from the beginning of March to the month of July and even to the 
mouth of August, that part of the Atlantic to the oast of the bank 
of Newfoundland assumes the appearance of the Arctic sea. The 
Polar current, descending from Baffin’s Bay parallel to the coasts of 
Labrador, brings with it in long procession the fragments of the 
ice-fields and glaciers of Greenland. After having rounded the 
bank of Newfoundland, the current bends towards the southwest with 
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its burden of ice, in consequence of the movement which carries the 
earth in an easterly direction and causes a deviation fiom its course in 
everything coming from the north.* Cai ried by this current, which 
drives them in the opposite direction to the Oulf-streara, continu- 
ing its course towards the south-west below the surface current 



Fig 13 — Courao of the Icoborgs between Europe and A.merlra. 

of the latter, the icebergs, like ships cutting the wfi\es with their 
prows, pass majestically through the water which dashes against them. 
Some fragments of mighty ice-fields, brought from Greenland by 
Polar currents and then drifted northward by the Gulf-stream, are 
seen here and there proceeding in an opposite direction fiom the 
rest. The accompanying map, borrowed from Redfiold, indicates the 
position of all the icebergs and ice-fields recently observed in the 
western part of the North Atlantic Ocean. 

It is principally in this region of the ocean that flotillas of ice are 
to be dreaded by navigators. The sailors of Newfoundland hardly 

• • Sff below, p 62 . 
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ever approacli one nearer than about a mile, and then always keep- 
ing to 'windward of them, for otherwise they would be in danger 
of drifting upon the terrible mass, towards which in addition a some- 
what strong current is always flowing to replace the upper stratum 
of water rendered colder by contact with the floating mountain. En- 
veloped in fog in eon sequence of the lowness of their temperature com- 
pared with that of the warm humid air from the south, the gigantic 
hull of the glacier discovers itself to seamen by strange whitish reflec- 
tions and also by the intense eold of the surrounding atmosphere. 
But sometimes when this indication of peril hSb just been recognized 
it is too late to avoid the shock. Hundreds of ships overtaken by 
the ico have thus disappeared with their crews in the cold waters of 
tlie ocean. At other times, even in clear weather, one meets with a 
whole archipelago of ice-floes ; and in order to avoid them it ^ is 
necessar}” t(i steer with the greatest ])re(‘aution for days together. It 
was thus that in 1821 the English brig A/inr, surprised by tho 
ice before Cape liace, not being able to enter a free sea, was obliged 
to remain 20 da 3"8 surrounded by towers and tlw’eatening peaks. 
Happily these fragments of glaciers diminish very quickly in 
number and licioht as soon as limy enter the zone of the Gulf-^trcara. 
Worn awa}" at their base by the tepid waters of that current tliey 
capsiz'^, break, and dissolve so completclj^ that towards the 40th degree 
of latitude it is rarely that an}" fragmenls even remain. However in 
June, 1842, the ship Formosa encounteied in 87^ flO' of north latitude 
a floating iceberg (30 yards high and 00 yards long moving towards 
the south.* 

In the Antarctic hemisphere, exactly similar phenomena occur. 
Thus, as is proved by iiiiraerous observations, more than 860 of which 
have been regularly catalogued by Fit/roy and other geographers, 
the iee-flclds and fragment^, of glaciers of the southern continent 
float likewise in the direction of the ecpiator. But it seems that 
the icebergs of the southern hemisphere generally present less variety 
of form than those of tho opposite one. They are not peaks 
and domes with fantastic outlines, but rather resemble walls rising 
like rocky precipices to an elevation of about 160 to 200 feet; 
these floating masses arc probably, however, on an average of still 
more considerable dimensions than the masses which fall from 
Arctic glaciers. Tho massive form of these floating mountains of 
the southern seas must doubtless bo attributed to the severe cold 
which prevails in the south polar zone, which drives the snow and 
♦ Rcdfield, Memoir on the dangere of ice in the Xotih Atlantic Vccan. 
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glaciers of the Antarctic lands further into the open sea. Even at 
the 50th degree of south latitude, ships meet with ice-fields of a siae 
equal to those which on the other side of the earth are only found 
within the polar circle. In the northern hemisphere the ice-rivers of 
Greenland and Spitzborgen are not fed by a sufficient quantity of snow 
to carry them completely out of the buys into which they flow, and 
into the open sea. Retained in their course by steep lateral cliffs, 
promontories, and rocky islets, they assume in consequence of all 
these obstacles a mudji more irregular form than they would have 
if they penetrated iiiw the free ocean, like the glaciiTS of the South 


liiiMiO 





Pigs. 14 and 16.— Icebergs of the Antarctic Ocean , after Wilkes. 


Pole. The latter are drifted far out of the gulfs, beyond the capes 
even, and they are only occasionally attached to the submarine base 
of the continent. In front of this ice-sheet float innumerable 
islands, through which ships can with difficulty find^ their way; 
Thus during the exploring voyage of Wilkes, the Peacock had to 
steer for a long time in a labyrinth of blocks which threatened to 
crush her. 

The breaking up of the Antarctic ice occurs in spring and summer^ 
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like that of the North Pole, but six months later, in consequence 
of the opposition of seasons in the two hemispheres, caused by 
the obliquity of the earth's axis. The scattered pieces of ice met 
with during winter are only fragments detached from the ice-fields. 



Fig 16 Eou e of the Peacock Commander Wilkes, U S in the Antarctic Ice pack 


Vessels traversing the Antarctic Ocean meet with thirty or forty 
times more ice in December, the height of summer, than in July, which 
is the coldest time. The multitude of^oating masses varies much 
in these seas. To the south of Australia and New Zealand icebergs 
and ice-fielda» are comparatively rare. To the south of Gape Horn 
they are met with more frequently, but are never seen between this 
SQtsiihemmQst point of America and the Falkland Islands; for 
owing to the great Polar current they all drift towards the north- 
east. It is to the south of the African continent that the ice is 
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carried in tlie greatest quantity, and approaclies most nearly to the 
equator. Some has even been perceived from Cape Town in 34 
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Fig. 17.— Course of Icebergs ui the Southern Hemisphoro. 

degrees of soutli latitude. Tlius the Antarctic icebergs are carried 
about 250 miles nearer the torrid zone than are the Arctic masses. 

In the inland seas exposed to severe cold, the congelation of the 
water is produced in the same way as in the ocean ; the phenomena 
only difter in proportion. Thus the ice of the Baltic is far from pre- 
senting such a grand spectacle as the ice-lields of the l*olar seas, but 
its mode of formation is known in a much more complete manner ; for 
during a long series of years, conscientious observers have studied its 
various changes, from the formation of the first ice to the general 
breaking up. These researches have proved that after having been 
formed, the fcy bed of the Baltic is subject to the same phenomena as 
that of lakes, not only in the northern parts of the sea where the 
water is almost fresh, but near the entrance also where the mass of 
fluid is still strongly saline. The crevasses in the ice do not difier 
essentially in their formation from those of Lake Baikal * or the Lake 
of Constance. They also open with a thundering noise letting a great 
quantity of water escape, which freezes in its turn and thus increases 
the thickness of the solid bed. Around the island of Oesel the fissures 
vary from sis inches to more than sis feet, and are continued for a 

* See in Vol. I. the leetion entitled, Laket, 
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distance of several miles. But the surf produced by the currents 
and the dashing of the waves, where the sea is not frozen, gives 
the most varied directions to the crevasses; in some places they are 
parallel, while in others tliey intersect one another irregularly or 
radiate towards all points of the horizon. 

Ice very rarely covers the surface of the sea while the water is 
much agitated. Tempests or rapid currents retard, or even com- 
pletely prevent, the formation of the icc- sheet. Thus, while on the 
east, wliere the sea is calm, the island of Oesol is, on an average, 
united to the mainland durin^lSO days of the year by a layer of ice 
sometimes attaining a thickness of more than three feet, and serving 
as a high road for sledges ; the western cliffs, against wliich the surges 
strike, are, on the contrary’', only bordered by a narrow fringe of ice. 
On the promontory of Muhha Ninna the waves always break with 
fury, and this extreme agitation of the water lasts during the whole 
winter, preventing the appearance of the least particle of icc ; indeed 
the peasants of the island say that they have never seen any near 
this point.* 

Every year, a considerable part of the Baltic is covered with ice. 
Almost all the Gulf of Bothnia and tlie entire coast- line of the Gulf of 
Finland is changed into a white and immovable sui-fuce, the islands 
and islets are encircled by a zone of ice-fiocs, more or less wide, whilst 
the straits of a slight depth arc similarly obstructed. Every winter 
Finland is reunited to Sweden by a bridge of ice, ijicrced here and 
there by the innumerable rocks of the Oelund archipelago. This solid 
ci’ust then becomes for many months the highway between Sweden 
and Russia. The Baltic, like the Polar ice-fields, has its piled-up 
masses of ice resembling turrets, pyramids, and obelisks built upon the 
sea ; from these fields, also, broad masses are detached from their edges 
to float towards the south with the current, then breaking with a 
loud crash, are similarly reduced into scattered pieces ; and in a few 
days after the commencement of the thaw only thin fragments 
remain, tossed here and there by the waves. 

During the last few centuries the Baltic Sea has never been 
entirely covered with a field of ice. But the chronicles inform us 
that in 1323 the southern part of the basin was completely frozen 
over, and during six wrecks travellers from Copenhagen repaired on 
horseback to Lubeck and Dontzic ; and temporary hamlets were even 
erected on the ice at the intersection of the roads. During the 
winters of 1333, of 1349, 1399, and 1402, the same phenomena of 

• Von Sn88| Bulletin ie VAcadimit de Saint Beterehourg, t. ix. p. 166, &o. 
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general congelation occurred in the southern Baltic, and the icy bed 
served as a road for commerce between Pomerania, Mecklenburg, 
Denmal*k, and the islands. In 1408 the ice-field completely closed 
the entrance of the Baltic between Norway and Jutland, and extended 
through the Cattegat, the straits of the sea of Scania, into the Baltic, 
as far as the large island of Gothland. It is said even that tho wolves 
of Norway, driven from their native forests by hunger, crossed the 
Skagerrack to invade tho villages of Jutland. Since this epoch, 
several parts of tho southern Baltic hav^been frozen over again ; but 
the solid surface has never presented the same extent, nor tho samo 
consistency. This fact would seem to prove that tho moan tempera- 
ture has become milder in Northern Europe since the 14th century, 
while according to Adhemar’s hypothesis exactly the contrary is the 
case.* 

It is a remarkable fact, that save in a few exceptional years the 
Black Sea, which is exposed to all tho piercing winds which descend 
from the Polar regions, has never been invaded by ice like the 
Baltic. During tho earlier historic ages the Sea of Marmora and 
the surface of the Euxino have boon frequently covered with ice ; 
which proves that, at least during this period 'of frost, the tempera- 
ture of Constantinople was no higher than that of Copenhagen. In 
the year 401 of the present era the Black Sea was almost entirely 
frozen over, and when the ice broke up, eiionnous icebergs were 
seen floating in the Sea of Marmora for thirty days. In 762 tho 
solid layer which covered tho Euxine extended from one bank to 
the other, from the terminal cliffs of tho Caucasus to the mouths of 
the Dniester, Dnieper, and the Danube. Moreover, contemporary 
writers assert that the quantity of snow which fell on the ice rose to 
the height of twenty cubits (from 30 to 40 feet ?), and completely 
hid the contour of the shores, so that one knew not whore the land 
began or the sea ended. In the month of February, the broken 
masses of tho ice, carried by the current to the entrance of the 
-®gean Sea, reunited in ono immense sheet between Sestos and 
Abydos across tho Hellespont, f 


* See in Vol. I., the chapter entitled, Harmoniet and Contrastt, 
t P. de TchihatchelF, Le Bosphore et Constantinople. 
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CHAPTER VI. 

WAVES OF THE SEA.— REOULAl^AKD IRREGULAR UNDULATIONS.— HEIGHT OF 
THE WAVES. — THEIR SIZE AND SrEED.— GROUND-SWELL.— COAST-WAVES. 

The sea rarely presents a glassy surface. When the atmosphere is 
calm, which however is commonly tho case before a tempest, the 
water is sometimes so very smooth that every object is reflected by it 
with a perfectly sharp outline ; the only changes which seem to afieet 
the vast motionless sheet of water are those produced by the mirage, 
which makes the distant horizon glitter like a long band of silver or 
steel ; the fishermen then say that the sea ib*‘ reflecting itself,^’ 
But this tranquillity of the water is a very uncommon phenomenon, 
except in the Mediterranean and other seas, where there is only a 
slight tide. Usually the wind, either in breezes or tempests, now 
aiding and now retarding the ebb and flow, raises the sea into 
waves, more or less high, which sometimes roll onward regularly, 
or are dashed against and cross one another. Even during calms, 
the waves, still obeying the impulse of recent winds, continue 
to roll across the ocean in long undulations. One of the grand- 
est spectacles at sea is ofiered by these regular movements of the 
waves in perfectly calm weather, when not a breath stirs tlic sails ; 
high, blue, and foamless the liquid masses succeed one another 
at intervals of 200 to -300 yards, pass under the ship in silence, 
and ^pursued by other weaves are lost in the fur distance. One 
contemplates with a feeling of admiration, not nnmixed with terror, 
the calm and majestic wave advancing like a moving rampart, as if 
about to swallow up all before it, and yet hardly leaving a sign to 
mark its passage. These waves appear with surprising regularity, 
during the’ autumnal calms, under the tropic of Cancer, and almost 
at every season in the narrower part of tho Caribbean Sea towards 
tlio Gulf of Darien ; there the waves are seen silently to advance, 
and slightly raise the ship, passing onward with scarcely a murmur, 
as regularly as tho furrows of a field, and stretchiDg as far as the eye 
can see. 
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Such perfectly regular waves as these can only be formed in seas 
exposed to the influence of equable winds, such as the trade-winds. 
Wherever the winds are uncertain and shifty, blowing in gusts, it is 
evident that the waves driven b}" them cannot assume a regular form 
or follow in a uniform direction. For aerial currents constantly 
var}^ in their speed; being couiposed of strata of unequal force, 
which moving at a rate different from that of the surface of the 
sea, alternately increase and diminish in force. Under the influ- 
ence of lliesc variable atmospheric impulse's, the waves must ne- 
cessarily vary in height and speed, and their crests cannot bo 
developed in a uniform line. The wind also frequently changes its 
direction; as if urged by some new impulse,* it commences blo^^ing 
from another point of the compass, and drives the waves in a dit- 
forent direction from that which it had itself given them. Never- 
theless the first movement is contiimed by the succeeding waves 
even wliile the second is still making itself felt, and from this 
double impulse an intersection of waves, differing from one another 
in direction, height, and speed, results. T^et the wind shift to another 
point of the compass, and a third undulation crosses the preceding 
two. Finally, should the aerial current make the complete circuit 
of the compass, the riiqdos of the water pursue one another in all 
directions, urged from all points of the immense circle. Not a 
breath is lost on the scnsitlv'o surface of the sea, and the variety of 
its undulations testifies to the diversity of the aerial movements which 
cause them. 

From a lofty headland or from tho mast of a ship, wlienco a vast 
expanse of water can be viewed, the beautiful sight may be often 
enjoyed of two or three systems of waves intersecting each other at 
various angles. Now they double the natural height of the un- 
dulations, by piling one wave upon another, and then again they 
equalize ‘the surface of tho water by thro'sving billows into the 
furrows. Sometimes the sea is so agitated that it is impossible to 
discern tho direction of all the waves which have aided in producing 
the violent commotion. As to the voyagers, whom tho wave-tossed 
ship incessantly shakes by its rolling and pitching, it is still more 
difficult for them to recognise in tho intersection of the waves the 
various impulses communicated to the sea by tho atmosphere. The 
accompanying figure is reproduced from that of an English traveller, 
of the curves drawn during a single minute by a pencil suspended 
vertically in the cabin of a ship. At the time when the pencil 
• Soe below, the chapter entifled, The Air and the iritid. 
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traced these lines, the wind was low and the motion of the water very 
moderate. 


PiOW 



Fiflf 18 — Eolliuffs of a ship upon the wavp» 


The height of the waves is not the same in nil seas ; it is greater 
vhen the basin is deeper in pioportion to the exposure of its surface 
to the wind, and also in proportion as the -water, being less salt and 
so lighter, jields more readily to the atmospherie currents. Thus 
assuming equality of surface, the water of Lake Superior would be 
raised in higher wa\o& than that of a gulf of the sea barred on the 
open side by islands and sand-banks. When of equal saltness, the 
narrowest basins ought to present the shortest and least elevated 
waves. The waves of the Caspian Sea arc not to be compared with 
those of the Mediterranean, -which again are greatly exceeded in 
height by those of the North Atlantic ; and these latter in their turn 
are surpassed by those of the Antarctic Sea, which spreads over an 
entire hemisphere. 

According to Admiral Smyth, who was well acquainted with the 
Mediterranean, the tempest waves rise from 13 to 18 feet in vortical 
height above the trough of the sea. Ho has even seen quite ex- 
ceptional waves rise to the height of above 30 foot, but the average 
waves raised by high winds were only from about 10 to 13 feet.* 
In one pa&age from Liverpool to Boston, which the celebrated 

* Cialdi, Sul moto ondoso del mare, p. 142. 
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navigator Sooresby made in 1847, he measured waves from 26 to 
29 J feet, and the average of all his observations gave a height of 
about 19 feet for the largest waves. On his return in 1848, he found 
the average to be 30 feet, and some among the waves he measured 
rose to about 43 feet above the trough of the sea. Other navigators 
have given similor estimates for the highest crests of waves in the 
North Atlantic ; but the mean elevation is much loss. One can form 
a good notion by the following diagram, drawn by the engineer 
Middlemiss to represent the annual variations of the wave at Lybster 
on the coast of Scotland. 


JinamyTAniflyylfarch April May June JiJy AnSast Sep^P*Oct^ 



Pig 19 — A v( rage heights of "W a\ es obsen ed at Lybster (Scotland^ in 1862 


In the South Atlantic the height of the waves is certainly greater 
than in the northern parts. Many seamen have seen the water rise 
to between 50 and 60 feet off the Cape of Good Hope, where the 
basins of the Atlantic and the Indian Oteaiis meet. Dumont 
d’Urville even asserts that ho has seen waves above 108 feet high, to 
the depths of which the ship descended as into a valley, and M. 
Fleuriot de Langlo attests thq truth of this assertion. These are in- 
deed the mountains of which jioets speak, and which, in fact, seem 
such to those who find themselves at their mercy. It is probable, 
too, that the highest waves of the sea have not yet been measured. 
One remarkable thing is, that it is not usually during the most 
violent tempests that the hugest waves are formed. On the contrary, 
the force of the atmosphere which then precipitates itself obliquely 
on the waves, so to speak, depresses and crushes them.* 

The waves are develo 2 )ed in all their majesty when the, wind is at the 

* Cialdi, Sul moio ondoio del martf p 139. 
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same time very hif^h and very regular, and blows for a long time 
from tbe same point of the compass. 

As to the width of the waves, that is to say, their total breadth 
from base to base, observers have not obtained the same results ; but 
there are few among them who have found the vertical height of the 
crest of the wave to bo less than a twentieth or more than ai* tenth 
of the width. On an average the height of an undulation of the 
water is only equal to the fifteenth part of its base; thus a wa\o 
of 4 feet in height measures 40 feet from \ alley to valley, and a 
wave 33 feet high is 405 feet in width. This is a much smaller 



I'lff ao — Avora^^o Amplitude of Waves. 

size than would he imagined by the sailor lost in tlie midbt of tho 
billows, which he sees ri^^ing around him in every direction. More- 
over, the inclination of the waves varies with tho force of the wind, 
and the movementi of the secondary undulations which intersect 
tho principal ones. 

The speed of the waves is only an niiparcnt speed, like that of the 
folds of a cloth, raised by a current of air. Thus, although the water 
pressed by tho wind rises and sinks by turns, it nevertheless hardly 
changes its place, find objects floating on its surface mo\e but slowdy 
and in an undulatory manner. The real movement of the sea is that 
of a drifting current which giadiially forms under the prolonged 
action of the wdnd ; but this general movement of the liquid mass is 
after all inconsiderable. Tlio only part which advances with the 
storm is the foaming crest which, curling over tho summit of tho 
waves, dashes down the slope in front. Ey their incessant move- 
ments, the surface of the waves gradually increase in temperature, 
as has been observed after a succession of violent storms.* 

The apparent displacement of the billow’s (which is rather difficult 
to measure wdth exactitude in the open sea) varies in a regular 
manner, according to the magnitude of its waves and the depth of 
its waters. Thus according to tho calculations of the astronomer 
Airey, every wave of 100 feet in width, traversing a sea of 164 
fathoms mean depth, has a velocity of nearly 2100 feet per seeoiidj 

* Joule. Cialdi, Sul moto ondono dil imrcy p. 218. 
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or about 15^ miles per hour ; a wave of G74 feet, moving^ over the 
surface of a sea 1,640 fathoms deep, travels more than 69 feet per 
second, or nearly 00 miles per hour ; this last figure may be con- 
sidered as an average speed for storm- waves in great seas. Since, 
therefore, wo can by calculation infer the velocity of waves from 
theiffi width and the known depth of the ocean-bed, it is easy to 
determine by an inverse operation what is the depth of the ocean 
itself, provided that we know the rate of motion of the waves. It 
is by this method that the mean depths of the South Atlantic and 
of the Pacific Ocean between Japan and California have been cal- 
culated.* 

Natural philosophers have frequently discussed the question of the 
movement of the waves in a vertical direction. To what depth in 
the abysses of the sea does the action of the superficial wave penetrate, 
and at how many fathoms can it disturb the sand and debris at the 
bottom ? It was formerly admitted, as a well- ascertained fact, but 
without proof, that the agitation of the sea ceases to be felt at 4 to 
6 fathoms below the surface. Direct observations made by seamen 
in many latitudes have shown that this opinion is erroneous. Sailors 
have frequently seen the waves break at 10, 16, and even 27 fathoms 
of depth over hidden rocks, which proves that the rocks wore ob- 
stacles which abruptly barred the advance of the lowest part of 
the wave. Still more frequently, during violent tempests, the water 
has been seen charged with clay and mud, which had been raised 
from the bottom at 50, 80, and even 100 fathom? below the surface.f 
The direct experiments of Weber on the movements of waves have 
likewise proved that each wave extends its influence in a vertical 
direction to 350 times its height. Thus every wave of about a foot 
in height makes itself felt on the bed of the North Sea at a depth of 
50 fathoms ; whilst every oceanic billow of 33 feet is felt at about 1 } 
miles. It is true that at these enormous depths the action of the 
wave is, so to speak, imaginary, for below the surface it decreases in 
geometrical proportion ; but at about 25 to 50 fathoms only, the sub- 
marine waves have still great force, and we can easily understand 
that when thousands of them are abruptly arrested by submarine 
rocks, and on the rapid slopes of sand-banks, violent eddies must be 
produced which afterwards returning to the surface of the water 
•cause heavy swells.*' From these causes arise those turbulent seas, 
which ships encounter at times in calm weather, especially in the 

• See above, p. 17. 

t Cialdi, Sttl mofo oniioso del p. 174. 
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neighbourhood of submarine banks ; also those ground swells*^ which 
suddenly raise the surface of the sea and endanger boats ; and those 
formidable tide-races which springing from the depths of the ocean 
advance abruptly upon its sloping beaches, destroying all they en- 
counter on their way. 

It is along the shores of continents and around rocky island® that 
ordinary w’aves and lieavy surf appear in all their grandeur and 
assume dimensions truly formidable. In accordance with the more 
or less gradual inclination of the bottom to the shore, a wave coming 
from the open sea rolls over a bed more and more shallow, and must 
perforce slacken its speed ; but at the same time it increases by its 
own depth the stratum of water which it overflows, and consequently 
the wave which follows it is subjected to less retardation of the im- 
pulsive force. The second wave constantly gains on the first, and 
finally reaches it, swelling its crest, and slackening its own speed in 
its turn, gives a third wave time to distance it also. Finally, near 
the strand, the liquid mass, swelled by the pursuing waves, and unable 
to spread out further at its base along the shore winch is too near; 
it gains in height wdiat it wants in breadth, and rising like a wall, 
it bends over with a wide curve in front, and breaks wdtli a thunder- 
ing sound, throwing Vater mixed w’ith sand and foam far along the 
shore. This surge, which is dreadful indeed during tempests, rises 
much higher than the waves ; to the undents the wdiiteiiing billows 
of the open sea, whose crests were seen to shine like the fleeces of 
sheep, were the flocks of Proteus ; wdiile the 'waves of the shore, still 
called in our days cavalll and cavMUom by the people of the south of 
Europe, were the foaming horses of Neptune. 

The height to which the crests of stmie of these waves attain when 
the configuration of the coast favours the movement, seems sometimes 
to partake of the marvellous. The mass of water wdiich rises ver- 
tically can then only be compared to an ascending cataract. Spal- 
lanzani relates that sometimes, in violent tempests, the waves reach 
half-way up, or even to the top, of Stromboluzzo, a peak of lava which 
rises near Stromboli 318 feet above the mean level of the sea. The 
Bell Rock lighthouse, which rises boldly to 112 feet in height on a 
rock off the Scottish coast, is often enveloped in waves and foam even 
long after the tempest has ceased to disturb the sea.* Smeafon, too, 
has seen waves covering the Eddystono lighthouse, and leaping in a 
spout of water 82 feet above the lantern ; the mass wdiich is thus raised 
around the edifice cannot be less than from 261G to 3924 eubic yards, 

• Mrs. SoiDOivillc, Phjtical Geography. 
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and would weigh as much as a large three- docker. After these 
great storms^ salt pools are scattered here and there on the top of 
the cliffs. 

The pressure exerted by these masses of water, hurled with such 
impetus, is no less surprising. Thomas Stephenson ascertained that 
the force of tho sea dashed against the Bell Hock lighthouse amounted 
to about 17 tons for every square yard. In the island of Skerry vorc 
tho heaviest calculated pressure is about 3 tons and a half for every 
yard, that is to say, more than lbs av. for every 0*16 of a square 
inch. With such a force the displacement of blocks which seem 
enormous to us, is only chilcVs play to the tempest waves. Before all 
sea-ports, and roadsteads where great works, such as sea-walls and 
breakwaters, have been constructed, seamen have been able to observe 
the prodigious power of the angry water. On all the exposed works 
at Ilolyhead, Kingston, Portland, Cherbourg, Port Vendres, Leghorn, 
the waves have been seen to seize blocks weighing several tons, and 
hurl them like playthings over the dikes. At Cherbourg tho heaviest 
cannon on the rampart have been displaced ; at Barra Head in the 
Hebrides, Thomas IStephenson states that a block of stone of 43 tons 
was driven more than 1 J yards by tho breakers. At Plymouth, a 
vessel weighing 200 Ions was thrown without %eing broken to the 
very top of the dike, where it remained erect as on a shelf beyond 
the fury of the waves. At Dunkirk, M. 'V'^illurceau has ascertained 
by the most delicate measurements, that during a heavy sea the 
ground trembles at nearly one mile from the shore. 

In the Gulf of Gascony, so frequently visited by tempests, the 
waves, coming from tho west and north-west, are drawn into a sort 
of funnel, and hurl themselves against the shores with a force at 
least equal to that of the waves in the Channel, and the English seas. 
The works constructed by engineers to protect the roads and ports 
against this terrible pressure have been frequentl}'- swept away, 
or much damaged by the waves. Man must incessantly continue 
the strife he is engaged in with tho sea, under pain of seeing the 
work of a century destroyed in a day. During tlie winter of 
1867 and 1868, M. Palad says that blocks of masonry, 36 tons in 
weight, placed at the extremity of the dike at Biarritz, were thrown 
horizontally from 11 to 13 yards ; one block w’as even raised nearly 
7 feet, carried over tho breakwater, then thrown down, and rolled to 
a great distance during the storm. At St. Jean de Luz tho surge is 
perhaps stiU more terrible, and some of the masses of stone now 
employed in coitstructing the dike of Socoa, at the entrance to the 
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roadstead, are not less than from 80 to 90 cubic yards. And yet even 
this strong wall would not be strong enough, if it was not addition- 
ally defended by stones scattered loosely here and there, forming a 
range of protecting rocks in front of the dike upon which the sea 
expends its fury. 



Fig. 21.— Boy of Sitint Jeau-de-Lut. 

The only places where the waves display a still greater power 
than in the Gulf of Gascony, are those that are sometimes ravaged by 
the tornados. In the Isle of Reunion there is to be found in the 
middle of a savannah, a massive block of madreporic stone, which is 
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no less than 510 cubic yards in size. It is a piece that the waves 
have detached from a reef and driven before them across the land.* 
How can we wonder that waves strong enough to hurl such projec- 
tiles can alter the shores in such varied ways, demolishing the cliffs 
here, and forming islands there, or constructing sand-banks at tho 
entrances to gulfB.t 

* Zurclicr and Margolle. 

t See below, the chapters entitled, The Shores and the Islands ; The Work of Man, 
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CHAPTER VII. 

(!REAT MOVEMLNTS OP THE bEA. — OEKETIAL CAUSES OF CURRENTS. — 

THE ITVE OCEANIC RIVERS. 

Ci'IIRi:nts, that is to say, the real movements of the sea, much less 
visible to the eye than the apparent displaecments which constitute 
the w’aves, are notwit hatandiiig of much p^reater iiirportance in tho 
economy of our planet. I5y their action enormous volumes of water, 
thousands of miles wide, and hundreds of fathoms deep, move across 
the oceanic basins ; the water of the jjolur seas is carried to equatorial 
regions, while tliese on their side s^md their waves in the direction 
of the poles. The liquid mass circulates incessantly, as if in a 
vast whirlpool, in every ocean of the globe, and we can follow in 
thought its gigantic circuit from the fields of ice to the warm atmo- 
sphere of the tropics. Currents arc indeed only the ocean itself in 
motion, and hy tlieir action the waters of the sea are successively 
distributed over all parts of the globe. They are the windings of 
the great “ salt river ” of TIoraer, which rolls annind the earth in one 
immense circuit, livery drop that has not alreadj’^ been raised in 
vaijour to commence its long journey through clouds, mists, glaciers, 
and rivers, continually changes its place in tho abysses of the sea; 
it descends to the bottom, or mounts to the surface ; it moves from tho 
equator to the pole, or from the pole to the equator ; and thus traverses 
all parts of the ocean. It is to this continual disidacement of its 
innumerable particles that the sea owes its uniformity in such a 
surprising manner, under all latitudes, as regards tho appearance, 
composition, and saltness of its waters. 

Every differoneo of level which is produced on the liquid surface in 
consequence of prolonged winds, heavy rains, or very active evapor- 
ation, causes, as a necessary result, tho formation of a current ; for 
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water, whether salt or fresh, ever seeks its level and incessantly flows 
from the more elevated places towards tho depressions. Every atmo- 
spheric variation has, for result, a displacement in one direction or 
another of the superficial water. But the great currents which flow 
with a regular movement around the basins of the ocean, between the 
polar and the equatorial zones, are determined by general causes 
acting at the same time on the entire planet. These causes are the 
sun’s heat and the rotation of the earth on its axis. 

The equatorial basin, incessantly heated by the solar rays, loses a 
great quantity of water, which is transformed into vapour, and rises 
into the higher strata of the atmosphere to be condensed into 
clouds. Admitting that the annual evaporation is about 14 feet,* 
which is probably below the reality, the quantity of fluid raised 
from tho Atlantic in the tropical zone would bo nearly 120 trillions 
of cubic yards, and would consequoiiily represent the same ’value 
as a cubic mass of water nearly 30 miles in extent. It is true that 
a considerable part of this vapour, the half perhaps, falls as rain 
into the sea from which it was taken, yet a great proportion of the 
clouds are carried by the trade-winds f and other aerial currents, 
into seas situated beyond tho tropics, and over the neighbouring 
continents. Near the equator therefore much more water is drawn 
from the ocean by evaporation, than is returned to it by the clouds, 
and in cons(»qucnce an immense void is formed which can only 
bo filled by the waters from the polar basins, where tho contribu- 
tions of snow, rain, and ice exceed the loss in vapour. This super- 
abundant mass of fluid continually flows towards the basin of the 
torrid zdllS, and forms the two great currents, which meet one 
another from the opposite poles in the Atlantic and the Pacific, 
incessantly describing a regular orbit like the celestial bodies. But 
the excess of evaporation which occurs in tropical waters is not 
the only reason of this great movement of the polar seas towards 
the torrid zone. The trade-winds, attracted by the force of equa- 
torial heat, blow incessantly in the same direction, and always 
driving the waves before them thus accelerate the march of the 
oceanic current. 

If the mass of water which continually flows from tho poles to the 
equator were exactly equal in quantity to that which is evaporated 
by the sun’s heat, the arctic currents would bo arrested under the 
tropics, and no return movement would bo produced towards the 

* Maury' B Geography of the Sea. 
t See b6low, the chapter entitled, The Air and the Winde. 
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polar oceans. But the waters which flow from the north and south 
are always in excess^ in consequence of the continual impulse of 
the trade-wind ; and when they arrive in tropical latitudes they are 
influenced by a new current, the true cause of which is the rotation 
of the earth on its axis. In fact, owing to the incoherence of its 
particles, the ocean docs not obey in an absolute manner the rotatory 
motion of the earth, which carries it from west to east. In descend- 
ing from the poles to the equator, and thus crossing latitudes 
whose speed of rotation is greater than their own, they are constantly 
drawn obliquely towards the west, and this continual retardation 
of their motion behind that of the rotation of the globe becomes, 
in relation to the surface of the sea, an apparent motion from cast to 
west. Upon their meeting in the tropics, the polar currents, being 
both affected by a side movement, strike each other obliquely, then 
re-unite in the same oceanic river, and flow directly towards the 
west in the opposite direction to that of the solid earth. It is thus 
that the equatorial current is produced, which witl^ the two polar 
currents determines all the mo\ ements of the waters in each oceanic 
basin. The other rivers of the sea are simply branches from them, 
caused by the form of the continents. 

The equatorial current, >vhich is a continuation of the polar currents 
and forms with them a vast semi-circle, cannot bo freely developed 
around the circumfet’cnco of the globe. Arrested in the Atlantic by 
the American continent, in tlie Pacific by Asia and the archipelago 
which unites that continent with New Holland, it breaks against the 
shores and divides into two halves whh-h flow back in the direction of 
the poles, the one descending towards the soutli, the other ascending 
to the north. The immense river thus returns to its source, but at the 
same time the motion of terrestrial rotation, which at its outset caused 
it incessantly to deviate towards the west, now urges it obliquely in 
the opposite direction. Under the equator, the angular speed of the 
terrestrial surface around the axis of the planet being much more con- 
siderable than under any other latitude, the waters coming from the 
tropics into temperate seas are animated by a more rapid movement 
towards the east than those amidst wliich they flow. They deviate in 
consequence in an easterly direction, and when the returning current 
reaches the polar sea it seems to come from the west. Thus the grand 
circuit of the waters is completed in each hemisphere. The Atlantic 
and the Pacific have each their double circulatory system, formed of 
two immense eddies united in the torrid zone by a common equatorial 
current. As regards the Indian Ocean, being bounded on the north 
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by the continent of Asia, it has but one simple current, which turns 
incessantly in its vast basin between Australia and Africa. As a 
whole, those ocean rivers recall by their distribution the divisions of 
the land. The two great whirlpools of the Atlantic correspond to 
the two continents of Europe and Africa; the huge eddies of the 
Pacific have a binary division analogous to the two continents of 
America; and the current of the Indian Ocean reminds one of 
the enormous mass of Asia, which alone fills half the northern 
hemisphere. 
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CHAPTER VIII. 

THE GULP-STREAM. — INFLUENCE OP THIS CURRENT ON CLIMATE.— ITS IMPORTANCE 

TO COMMERCE 

Of all the oceanic rivers, the best known to us is that part of the North 
Atlantic current, which the English and the Americans have named 
the Gulf-stream, because it makes a long circuit in the Gulf of Mexico 
before reaching the ocean. In the year 1513 the Spaniards Ponce do 
Leon and Antonio de Alaminos knew of the existence of this current ; 
and six years later Alaminos, setting forth from the Straits of 
Florida, allowed himself to be carried by the water into the open 
sea, and thus discovered the great circular route which ships have 
now to follow in order to ref?frri speedily to Europe. Since the time 
of Varenius who attempted to describe the Gulf-stream, of Vossius 
who traced its immense circuit on a map, Franklin and Blagdcn who 
were the first to explore it scientifically, thi*^ curient has been studied 
by numerous geographers. 'Without doubt, there is no marine cur- 
rent which merits to be better known in all its details; none has 
been of more importance in the commerce of nations or exercises a 
greater Ju||tience upon Ao climate of the North-AVest of Europe. It 
is tlJiyM0]^-8trenm that the British Isles, France, and the ncigh- 
bojolHjMfioiintries owe in great pact their mild temperature, their 
agriil|||tttxral wealth, and in consequence a very considerable part of 
their materiid' and moral power.* Its history is almost identical with 
that of the entire North Atlantic Ocean, so important is its hy- 
drological and climatic influence.! 

The celebrated Maury devotes the most important part of his 
classical work on the Geography of the Sen to the Gulf-stream. It 
** is a river in the ocean ; in the severest droughts it never fails, in 
the mightiest floods it never overflows. Its banks and its bottom 
are of cold water, whilst its current is of warm. There is in the 
world no other such majestic flow of waters. Its current is more 

• See below, the chapter entitled, Ttie Earth and Man, 
f J. 0. Kohl, Oetchxehte det Ool/stromff p. 1. 
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rapid than the Mississippi or the Amazon, and its volumo a thousand 
times greater.” Such is the epic language in which Maury’s fine 
work commences.^ 

After having made tho tour of the Caribbean Sea and the Gulf of 
Mexico in six months, after having driven back upon the shores of 
Alabama the muddy waters of the Mississippi which border its dark 
blue waves, the Gulf-stream follows tho northern coasts of Cuba, 
then turns the southern point of Florida, and penetrates the strait 
which separates the American continent from the islands and banks 
of Bahama. Swelled by the mass of w’atcr which the great equator- 
ial current sends directly through tho straits of the archipelago, and 
above all by the old channel of Bahama, the Gulf-stream flows 
straight to the north, pressing through tlu' ocean like a river nearly 
37 miles wide, and of an average depth of 200 fathoms. Its speed 
is groat, even equalling that of tho principal rivers of the world, 
being sometimes from about 4^ to 5 miles an hour ; but usually 
it is about 3t miles. The mass of water discharged by the current 
may, therefore, be estimated at nearly 4-3 millions of cubic yards 
per second, that is to say, at 2000 times the mean discharge 6f 
the Mississippi ; and yet it was to the outflow of this Jforth American 
river that many geographers formerly attributed the existence of the 
Gulf-stream ! When winds from the south, the west, or even the 
north-west, and the movement of the tides, favour the progress of this 
current, it rolls toward the Atlantic in much greater volumo than 
usual. But on the other hand, when retarded by tempests that blow 
from tho north-east, it pours a much smaller quantity of watei-into 
the ocean. IITieii tlius checked, it swxdls, rises, spreads with fury over 
the low lands that border it, ravages vast tracts, and causes y h^o 
islands to disappear. At its embouchure into tho ocetin,^ this 
river resembles those streams which flow through continents, it erooqR 
on the one aide, while it deposits alluvium on the other. And doubt- 
less the Bahama islands, which are scattered through the sea to tho 
east of the Gulf-stream, and tho Keys or rocks developed on the north 
in a long range, rest on a foundation of submarine banks formed in 
part by the deposits of this grand river.f ^ 

On emerging from the strait of Bernini the Gulf-stream expands 
and spreads over the Atlantic, but at the same time its depth becomes 
proportionately less considerable. Whilst the strata of cold water 

• J^hyiioal Geography of the SeOy p. 23. 

t Agassiz. R. Thomassy, Bulletin de la Society de Ghgraphie, Novembre, 1860. See 
below, the chapter entitled, Earth and ite Fauna. 
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wliicli serve as its banks rctiie on each side and allow it to spread 
over a greater breadth, the bed of cold water which bears it and 
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over which it flows, as terrestrial rivers glide over beds of rocks, 
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gradually approaches nearer the surface. At Capo Hatteras the 
depth of the current is about 120 fathoms, and its speed does 
not exceed three miles per hour; but it is twice as wide when 
it emerges from the strait of Bernini, and spreads over a space 
of about 78 miles. The thickness of this powerful stream of warm 
water is constantly diminishing, and when it has crossed the 
Atlantic it is only a superficial sheet. But even then, it covers an 
immense extent, reaching from tlie Azores to Iceland and Spitz- 
borgen. 

The soundings taken since 1845 by tlio Officers of the Coast Survey 
of North America, prove that the Gulf-stream flows along the coast of 
tlic United »Stutcs at some distance from the laud. The slight inclin- 
ation of the low lands of Georgia and Carolina is continued under 
water till the lead reaches a depth of about 50 fathoms. The 
bottom then sinks rapidly, and forms a long valley parallel to 
the shore of the Unitod States and the chalky walls of the Appa- 
lachians ; it is in this valley, hollowed to the east of the subma- 
rine basement of America, that the waters of the Gulf-stream flow. 
Owing to the rotatory motion of the globe, and probably also to the 
general direction of the coasts, the current follows a constant direction 
to the north-cast, and does not touch any of the advanced points of 
the continent. Off Now York and Cape Cod it deviates more and 
more to the cast, and ceasing to follow at a distance the American 
coast-line, rolls across the open Atlantic towards the shores of western 
Europe. Thus, as Maury says, if an enormous cannon had force 
enough to send a bullet from the strait of the Bahamas to the North 
Pole, the projectile would follow almost exactly the curve of the Gulf- 
stroam ; and gradually deviating on its way, would roach Europe 
from the west. 

Betweeirtho t3rd and 47th degrees of north latitude, in the neigh- 
bourhood of the bank of Newfoundland, the Gulf-stream, coming from 
the south-west, meets on the surface of the sea the polar current 
discovered by Cabot in the year 1407. The line of demarcation be- 
tween these two oceanic rivers is never absolutely constant, but varies 
•with the seasons. In winter, that is to say from September to March, 
the cold current drives the Gulf-stream towards the south ; for during 
this season all the circulatory system of the Atlantic, winds, rains, 
and currents, approacli more nearly the southern hemisphere, above 
which the sun travels. In summer, that is to say from March to 
September, the Gulf-stream in its turn resumes its preponderance, 
and forces back the line of its conflict with the polar current more 
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and more towards tlio north. Thus tho groat river undulates here 
and there over tho seas, and according to the graceful expression of 
Maury, waves like a pennon in the breeze. Hut it is probable that 
the advance of the two opposing currents is often modified only in 
appearance, inconsoqucnco of the superficial expansion of cold or warm 
water. The bank of Newfoundland, that enormous plateau surrounded 
on all sides by abysses five to six miles deep, is undoubtedly duo in 
great part to the meeting of tliese two moving liquid masses. On 
entering the tej)id waters of the Oulf-stream the icebergs gradually 
melt and lot full tho fragments of rock and loads of earth which 
they bear, into tho sea. The bank which rises gradually from tho 
bottom of the ocean is a sort of common moraine lor the glaciers 
of Greenland and the polar archi[)elago.* 

After encountering the waters of the Gulf-stream, those of tho 
arctic current cease in great part to flow on the surface, and de- 
scend into the depths, in consequence of the greater weight which 
their low temperature gives them. The direction of^this counter-cur- 
rent, exactly oppohito to that of the Gull-stream, is donjonstrated by 
the icebergs which the warm breath of temperate latitudes has not yet 
melted, which travel towards the south-east, directly against tho 
Riil)crficial current, wliicli they divide like the ])row of a ship. More 
to the south, wo recognize the existence of tliia concealed current 
only by means of sounding apparatus, tho cold walers serving as a 
bed to the warm river flowing from the (iulf of Mexico; it descends 
lower and lower as far as the straits of Bahama, where the thermo- 
meter discovers it at a depth of 220 fathoms. 

Nevertheless a part of the waters ol tlie polar current remains at tho 
surface of the sea ; and, gliding along thej(|^tcrn coasts of the United 
States as far as the j)oint of Florida, gives to the Gulf-stream by con- 
trast very sliarply defined limits. Generali}^ the cold wafer coming 
from the Arctic Sea possesses suflTicicnt force to comi)el tho current 
from the gulf to bend sensibly towards tho south, and to opppose an 
insurmountable barrier to it in tlie oilier direction. The warmest and 
most rapid part of the Gulf- stream, which forms precisely the left or 
western side of the current, is found in immediate juxtu-position to a 
sheet of cold water, which spreads in an oppo.site direction between 
tho Gulf-stream and the American shores. This counter-current, 
which interposes the waters of the ley Sea between the coast of 
Carolina and tho warm river flowing from tho Gulf of Mexico, bounds 


♦ See above, p. 16 . 
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the Gulf-stream like a wall of ice * Sometime a tho line of demarcation 
between tho two liquid masses is so precise that it is appreciable to 
the sight, and the exact moment when a ship loaves one current, to 
cleave the other with its prow, may bo distinguished. Tho water of 
tho Gulf-stream is of a beautiful azure, that of tho counter-current is 
greenish ; tho first is saturated with salt, tho latter contains it in a 
much loss proportion. The one is tepid, the other cold, and the thermo- 
meter, when plunged alternately in the two liquids, instantly marks 
tho difference of temperature. On the boundary line of the currents, 
the friction of tho two masses of water flowing in opposite directions 
produces a scries of eddies, whirlpools, and sliort waves, which give 
to these ocean-rivers an aspect similar to that of continental rivers. 
Sometimes one can even hear like a dull roaring tho nojso of tho 
waters coiiioiidiiig on the surface of tho sea. Floating plants and 
other fragments are whirled round on the over-ehangiug boundary of 
the two contending streams.f 

The (j ulf-stream, like all other currents, finally mingles with tho 
scej^, and thus tends to equalize the proportion of salt and all other 
substances eontained in the liquid mass. The norniul salinity of tho 
Garibhean Sea is from IK) to 87 tliousaiiclths, except in tho neighbour- 
hood of the mouths of great rivers. After luiving received the fresh 
waters of the Mississippi and the visible and subterranean rivers of 
Florida, the Gulf-stream docs not contain quite 30 thousandths of 
saline substances ; but this is gradually iucroased as it advances 
towards the north. Off Newfoundland, 'where the waters of the St. 
Lawrence and many other rivers, as well as the melted ice, fogs, and 
heavy rains, have rendered the waves of tho sea more freJi, tho Gulf- 
stream contains less than 34 parts in 1000 of saline matter, but 
it gradually increases tho proportion to 35 thousandths as it shapes 
its course towards the coasts of western Furope, and tho polar 
regions. The currents of cold water which servo as its bed are all 
less rich in saline substances, as Forchhammer and other chemists 
have proved. But in conseiinence of the incessant mixture of tho 
waters, an equalization of saltness between tho currents is produced in 
the various latitudes. J 

Another effect of the Gulf-stroara, no less important in tho 
economy of our planet, is that which it accomplishes in concert with 

• Franklin Bache, United Statea Coast-Surrey. 
t Kohl. Fitzroy, Adventure and Beagle^ Appendix to Vol. II. 
t Forchhammer, Philoeophical Tramactionsy part I., p. 241, 1866. 
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the south-west winds,* on the climate of western Europe. While 
rotating in the Gulf of Mexico, as in an immense cauldron, the 
waters of the'current are gradually heated ; when they escape through 
the strait of Bernini to enter the ocean, their temperature is not less 
than 8G° Fahr., and exceeds by about 4° Fahr. the natural heat of 
the neighbouring beds of water. The waters of the Gulf-stream lose 
their warmth but slowly, and during winter they often have, off Cape 
Ilatteras and the bank of Newfoundland, a temperature exceeding 
by 21^^ or 28° Fahr. that of the rest of the Atlantic under the same 
latitudes. When the Gulf-stream meets the polar current, the 
former has still a temperature of 3(5’ or even 4o'" Fahr., whilst, even 
at a distance of some hundreds of miles from the coasts of Labrador, 
the latter is sometimes found to be below freezing-point (24 ’8 
Fahr.) ; thus, in defiance of latitude, the waters of the tropics and 
of the icy zone arc brought into juxtaposition. In its advance to- 
wards the north, the upper strata, which in consecjuencc of radiation 
have become colder than the subjacent layers, descend to a greater or 
less depth in the mass of the current, and arc replaced by the wanner 
and lighter water, lying iinniedintely below. Ilius a constant alter- 
nation of i)osition is produced in the liquid strata of the Gulf-stream, 
and one may remark in consequence, in crossing the wdiole breadth of 
the current, a series of parallel bands of unequal tempera! ure.f In 
each of these bands the warm water rises by turns to the chilled sur- 
face of the sea. It is a remarkable fact that if the Gulf-stream did 
not flow as it does in a bed entirely composed of cold water, but moved 
along the very bottom of the ocean, it would rapidly lose its high 
temperature, and would cease in consequence to bo a source of heat 
for western Europe. In fact, the earth being a better conductor of 
heat than the water, the warm waters of the current would communi- 
cate their temperature to it, and would finally lose their whole store. 
But the cold waters of the polar current, being interposed between 
the bottom of the sea and the waters of the Gulf-stream, serve os a 
protecting screen to the latter and hinder their refrigeration. It is by 
such contrasts as these that the harmony of the world is established. 

The quantity of heat which the ttulf-strcam carries towards the 
northern regions forms a very considerable part of the caloric stored up 
in its waters under the tropics. The cetaceans, fish, and other inhabit- 
ants of the torrid zone follow the course of the Gulf-stream without 


* S«o the chapter entitled, ClimaUn. 
t Franklin Bache, XIniUd States CoasUSurvey. 
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perceiving tliai they have changed their country, and often push 
their adventurous voyages to the Azores and even to the coasts of 
Iceland; the southern birds mount also towards the north in tho 
warm stream of air reposing on the current. I'hc animals of norlhcrii 
seas, on the contrary, are kept prisoners in the glacial ocean, and tho 
right whales, says Maury, recoil before the Gulf-stream, as before “a 
barrier of flame.’* The total warmth of the current would suffice, if it 
was centred in a single point, to fuse mountains of iron and cause a 
river of metal as inightj^ as the Mississippi to flow forth. It would 
suffice also to raise from a winter, to a constant summer temperature, 
the entire column of air which rests on Fran(‘o and the Ilidtihli Isles. 
13 lit, though it is spread over enormous spaces to tlie west and north 
of Europe, tho Gulf-stream does nevertheless exercise a preponderating 
influence upon the (‘limate of this part of the Old \V orld. Owing to tlio 
warmth of its waters tho lakes of the Faroe and Shetland Isles nevor 
freeze during winter ; (ireat Biitain is enveloped in fogs, os in an 
immense \'a])oiir-b ilh, and the niyrlle grows on the shores of Ireland, 
tluD “ emerald isle of the seas,’’ under the same latitude as Tjabrador, 
that land of snow and ice. In gretn Filin, an island privileged in so 
many res])e('ts, tho western eoasts (the first land whieh the Gulf- 
stream oncounteis alter crossing the Atlantic) enjoy a temperature 
two degrees higher than that of the eastern coasts. In spite of tho 
path of tlic sun, it is on an average as wniriii in Ireland under tho 52nd 
degree of latitude, as in tho United States under tho 38tli degree, or 
about 1025 miles nearer tho equator. 

The Gulf-stream, wdiich o6nveys the tropical warmth to the temper- 
ate countries of Europe, very often serves as a high-road tor tempests. 
JTence the names of ircnthor-hrccdrr and $t arm -ling ^ which have been 
given to this current.'*" The movements of the atmospheric* ocean 
and those of tho oocan of waters occur in such complete parallelism 
that one would be tempted to regard them as one and the same 
phenomenon in tho ensemble of aerial and marine currents. f Thus 
the Gulf-stream seems to bo for the wdnds as it really is for the waters, 
the groat medium between the old and now worlds. It carries to tho 
seas at the north of Europe t|ie salinity of the Gulf of Mexico ; it 
bears with it the wannth of the tropics for the advantage of tho tem- 
perate regions, and marks the track which tho torrents of electricity, 
disengaged by the hurricanes of tho Antilles, follow. It is indeed the 
great serpent of tho Scandinavian poets, wdiich uncoils its immense 

♦ F. Maury, Geography of the Sea. 
t Set' l»vlow, tbe chapter entitled, Tht Au and the IVnuh 
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folds across the ocean, and from its head, which it waves hero and 
there over the shores, wafts a gentle breeze, or pours forth storm 
and lightning. 

The G1 ulf-stream crosses the Atlantic wdtli a mean speed of about 
24 miles a day, as has been ascertained cither by direct measurement 
at difTercnt parts of the ocean, or by means of notes, which having 
been thrown overboard in bottles carefully closed, have floated for 
weeks or months at the will of the waAes, and then been fished 
lip in other latitudes or Ibund on some sea-shore. In their long 
passage, the de(*p waters of the marine river of America transport 
scarcely any other alluvium than the living friistulcs of animalcula, 
which fill the tepid waters of the current and are constantly falling 
in a kind of snow to the bottom of the sea. Hut here and there on 
the surface of the Gulf-stream float trunks and branches of trees, 
Avliich are finally thrown on some co:\st of Europe, and even on the 
island of Spitzbergen. It was these remains vbicdi our ancestors 
of the middle ages believed to come from the fabiik'iis island of St 
Hrandan or from Antilia, and which furnished matter for thought to 
daring navigators lik(» the great (k)lumbiis.* Seeds carried from the 
New World by the current ba^e found a fuAourable soil on tlie 
shore of the Azores, and altbougli many thousands of miles from 
their native land, ha^o germinated and borne fruit. Often too the 
AvaATs of the Culf-strcain bring to Eu7’oj)e the broken prcjduets of 
human industry and the timber of Avrc'cked ships. During the Seven 
Years’ War, the mainmast of an Englisli ship-of-war, the 'rUbury, 
which had been burnt near St. Domingo, Avas found on the northern 
coasts oi' Scotland. In the same AAay a river-boat, laden with ma- 
hogany, Avas once ca^cii driven to the Faroe islands. The remains of 
ships, wrecked in the latitude of Guinea, have been brought to the 
coast of the Hriti.>h Islands, after having twice crossed the ocean iu 
opposite directions ; and Esquimuux have often been carried by the 
waA’cs to the OrkncA s.f 

It is rather difllcult to lay doAAm tlie precise route of the Qujf-stream 
in the seas of western Europe, because of the enormous Avidth of its 
moAUiig exjjansc. One may say that in reality it stretches oaxt the whole 
ocean, fronf the Azores to Spitzbergen ; but having lost in its onward 
impulm in proportion us it has guincKl in extent, it is modified and 
tuxilW aside in its course by a host of local circuipslancos and the 
varied configuration of the coasts of Europe. Only that part of the cur- 

♦ F. 0. Kohl, Gesektehte Goffstromsy p. 17. 
t Humboldt, Ansichten din' notes. 
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rent which flows to the north of Ireland and Groat Britain maintains 
its original diroction. It bathes all the islands between Scotland and 
Iceland, warms the coasts of Norway, even in Lapland it melts the 
ice at the port of Hammerfast, and then continues its course in the 
Polar Sea towards Spitzbergon. Thus, as the Swedish expedition in 
1861 ascertained, the current makes itself felt even on the northern 
shores of the latter archij)olago ; for the seeds of a plant from the 
Antilles {Entada gigalobiuw) were found on the shore of Shoal-Point, 
lying at more than 80 degrees north latitude. Indeed it is certain 
that the current even batlies the western coasts of Nova-Zcmbla, for 
bottles that cam^from a glass factory at Norway, and the nets of 
Scandinavian fishermen, liave been found there. 

How then do those waters, which spread in such a vast sheet over 
the surface of the Icy Sea, continue their progress towards the 
Pole ? Here hypothesis commences, since no navigator has yet been 
able to explore these latitudes and study their hydrological laws. But 
we know at least in part the origin of the polar current, and by 
the direction which this mass of water takes, may be indicated that 
which the Gulf-stream itself must follow. Along all the northern 
coasts of Siberia, as Wraiigel and other exploi’ers have told us, a 
current of cold water flows from east to west. Encountering on 
its way the large island of N ova-Zombla, it covers the strand and 
rocks with enormous quantities of ice, wliich render the island quite 
uninhabitable and close the straits to navigation. Arrested by this 
barrier the waters of the glacial current arc forced to bend to the 
north, and flow in a north-w'csterly direction towards Spitzbergen, 
round the northern areliipelago of which they finally turn in order to 
enter the seas around Greenland. It is here that they begin to take 
a direct road towards the equatorial seas ; and all the navigators who 
have ventured to the north-west of Iceland have recognized the ex- 
istence of this stream, flowing along the coast-line as far as Capo 
Farewell. Its average speed, according to Graah and Scoresby, is 
from 3 to 4 miles a day. 

To the south of Greenland the lessened sheet of the Gulf-stream 
must meet this transverse current, and doubtless, izt consequence of 
the greater weight which its stronger proportion of eubstancea 
imparts to it, it plunges into the depths and is changed into a sub- 
marine current!^ which finishes by mixing completely with the cold 
waters of tho northern seas, and flows back at last towards the equator 
in an opposite direction to that which it at first pursued. Thus the 
river of warm water from the Gulf of Mexico feeds by its incessant 
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contributions tbe polar counter-current, and the groat circuit is estab- 
lished between the zone of beat and that of ice. Perhaps, too, the 
reflux of tlie Gulf-stream is partially accomplished, under the press- 
ure of water from the north by an abrupt turn. This would explain 
the strong salinity of 35 thousandths, which Forchhammer found in 
the waters of the polar current to the east of* Greenland. 

It is not only in the wide extent of the North Atlantic, from Nova- 
Zembla to Iceland, that the Gulf-stream takes a subinarinc course ; the 
same is the case, it appears, in Baflin’s Bay to the west of Greenland. 
In fact, from Cape Farewell to eight degrees further north the exist- 
ence of a coast-ciirrent has been ascertained, whicli 4 |parries the ice in 
an exactly contrary direction to that of the current, which follows on 
the west the coasts of Labrador, and which servos as a hijjli road for 
tlie fragments of the ice-- fields.* This current was formerly considered 
as the continuation of the one which flows along the eastern coast of 
Greenland from north to south, and which would thus have abruptly 
turned round Capo Far(‘\voll. But it is much more m^tural to think 
that the polar current continues its route diri'ctly towards the great 
centre in the tro^^ical seas. In this ease, the current on the western 
coast of Greenland would bo simply a branch of the Gulf-stream ; 
wdiich is rendered almost certain hy it^^ watoi’s being coraj)aralively 
warm. The sea very seldom freezes on th(‘ shore which it bathes, and 
the climate there is on an average nine degrees (h'ahr.) wanner 
than on the coast looking towards the cast. Towards the 78lh 
degree of latitude, this river-like current eomplotely ceases, and it 
is undoubtedly there that it becomes Fubmarinc, perhaps to flow on 
the surface again in the open sea of Kanc.t 

On the oilier hand, if in tlie icy seas the various branches of the 
Gulf-stream change into smaller counter-currents, the jiolar currents 
do the same more to the south, and beecmie the bed for the waters which 
flow to the north. These contain, it is true, more saline substances, 
but they are also warmer ; rendered heavy by the salt, they are light- 
ened by their high temperature, so that a slight difference of warmth 
or of salinity can modify their equilibrium and make them change 
their position with the polar current. In the temperate seas, where 
tliey arc stilfwarm and strongly saline, they flow on the surface ; but 
sink on the contrary in the icy seas, where they arc chilled or where 
the admixture of salter water is efifected. This explainejthe intersection 
of the currents. To the north of Spitzbergen and Nova-Zembla, the 

♦ 800 above, p. 13. 

t Graah.— Muhry, Mittheilungen iwi Petermann, t. ii. 1807. 
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Gulf-stream is a submarine sbeot ; to the south of Iceland it is the 
waters from the Pole which flow below. Not far from the Filroo islands 
the sounding-load can even indicate the direction followed by the icy 
counter-current, owing to the layer of volcanic remains, which have 
been ^brought from the coasts of Iceland, and spr^d over a space 
of 25 degrees of longitude between the 47th and 52nd degree north 
latitude. This hidden river must flow, at least in certain places, on 
the very bottom of the sea, for various soundings taken by McClintock 
to the south-east of Iceland, show that all the light detritus has boon 
swept away by its waters.* 

If the Gulf-stl^m throws out various branches towards the north, 
which contribute to form the vast circumpolar whirlpool in the 
same way, another branch flowing towards tlie south goes to swell 
the equatorial current. This oflshoot of the Gulf-stream, of which 
one branch penetrates into the Bay of Biscay and forms the coast- 
current called Rcnnell*b,t flows along the coasts of the Iberian penin- 
sula, follows the outline of Africa to the south of tho Canaries and Cape 
do Verde islands, where lateral counter-currents occur, and enters 
tho great marine river which moves the waters from east to west, 
“ following tho course of the heavens.*^ 

Thus is completed the immense circuit of -the Atlantic, in the 
centre of which the sea meadows of wrack t extends in clusters 
like an archipelago. It is owing to this perpetual circuit that 
navigators in sailing vessels have been able to reach tho New 
World from western Europe. If Columbus had not made use 
of the semi-circular current which flows from the coasts of Spain to 
the Antilles, ho certainly would not have discovered America. If the 
pilot Alaminos, and, since his first voyage, the greater part of the 
navigators returning from the Antilles and United States, had not, 
either without knowing it, or else well understanding the cause, 
followed the course of tho Gulf-stream, tho coasts of America would 
have remained practically far more distant from Europfe than they 
really are. The colonies, now become so prosperous as independent 
republics, would bo still in deplorable isolation ; and civilization 
would have been greatly retarded, or even completely arrested, for 
want of new impetus. As to commerce, properly so called, one can 
judge of tho influence exercised upon it by the movement of the 
waters of the Atlantic, when one examines on a map the position 
of the great centres of trade. Ilavannah and New Orleans, two 

• Wullich, North Atlantia Sea-hd. 
t See below, chapter entitled, Earth and its Flora. 
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principal markets of the Antilles and Mississippi States, are, so to 
say, at the source of the Gulf-stroam. New York is situated facing 
the principal bend of this current, at the spot where the vast river 
flowing from the Antilles bends towards Europe. Finally, Liverpool, 
among so many other considerable ports washed by the Gulf-stream 
on its arrival at the coasts of the Old World, is the one which is 
most directly in the path of its waters. 

When Franklin discovered, in 1775, thnt the mariner has only to 
plunge a thermometer in the water of the Atlantic to discover if ho 
is sailing over the Gulf-stream or outside its course, the illustrious 
savant iinmodiatcl^^ perceived the importance of tSs fact for navi- 
gation. He even thought for a long time he must conceal it, from a 
fear that the English government, then at war with the American 
Colonics, would profit by this discovery to send ships and men more 
rapidly against the revolted provinces. After the definite establish- 
ment of American Indei)endence, no peril of this kind being any 
longer to be feared, all navigators were enabled for ^be future to 
know precisely the high road ^\hi(*h they had to follow in the open 
sea to reach Eurojie most expeditiously from America, and what 
particular line to avoid in ord(‘r to efiect the journey in an op- 
posite direction. To\taids the middle of the last centur} , the whalers 



of Nantucket and the skippers of Rhode Island had already from ex- 
perience come to choose two diflerent routes for going and rctuiming. 
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In order to descend ” on England they allowed themselves to bo 
carried with the Gulf-stream, and on their return crossed this current 
at tho banks of Newfoundland, and mounted ” the Arctic counter- 
current ; * on these voyages they distanced vessels from other sea- 
ports, on an average, by 74 miles per day. The progress of navi- 
gation permits us now to utilize the impelling force of the currents 
of the North Atlantic far hotter than the sailors of Providence 
could. The normal duration of the passage has been reduced to 
half. Eight weeks were formerly reckoned for a voyage from Eng- 
land to the United States ; now four weeks suffice for sailing ves- 
sels, and some l#vc even made the journey in seventeen days only. 
Steamers, which also have a double route too, in order to avail them- 
selves of the current, accomplish the passage in nine or ten days. 
For commerce, civilization, and the brotherhood of peoples, such a 
result is not less important than as if the continents themselves were 
sliifh'd, so as to reduce by three quarters the width of tho ocean 
which separates them. 

* J. G. Kolil, GeschuUt dcs GoIfstromSf p. 103. 
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CIIArTER IX. 

CUMICNTS or THE SOITrH ATLANTIC’ AND THE INDIAN OCEAN.— DC^UBLE EDDY 

OF /hk pacific ocean. 

The circuit of tbo waters wliich occurs to tho south of the equator, 
ill the southern basin of the Atlantic, is much less known than that 
of which the (xulf-strcam forms a pari, but all that has been observed 
of it by navigators proves that the movements of the liquid mass are 
analogous in the two hemispheres. A current of C(,)ld water, coming 
from the Antarctic seas, dashes against the Lagullas^Bank, to tho 
south of the African continent, and divides into two branches, one of 
which re-enters the Indian Ocean, while the other flows along tho 
western coast of Africa, penotrales Into the Gulf of Guinea, and, in con- 
sequence of the motion of the earth, bends towards the west in a wide 
semi-circle. To the south of the (^ape Yerde Islands, the waters coming 
from the southern seas join those ivhich flow from the Icy Sen of tho 
north, and uniting into one river of 500 to 1(U)0 miles wide, move 
slowly in the direction of South America .and tho Antilles. The 
greater mass of water approaches tlie cemtinent to the north of Cape 
8t. Iloquc, the advanced promontory of Brazil, and flowing to the 
north-west along the coasts of Guiana and Columbia, enters the 
Caribbean Sea, there to form tlie Gulf-stream. A less considerable 
fraction of the equatorial current bends to the south of Cape St. 
Roque, and follows the Brazilian coast-line to the south-west. But 
in descending towards latitudes nearer and nearer the southern pole, 
tho warmer current from tho equator incessantly gains on the rota- 
tory movement of the earth ; consequently, it bends more to tlie 
south than to the south-east, and forming a sort of gulf-stream in an 
opposite direction, it strikes tho polar current to the east of the 
Falkland Isles, whose position in the southern hemisphere corre- 
sponds to that of Newfoundland in tlie northern hemisphere. There 
the warm current, after having deposited drift-wood, taken from 
tho Brazilian coast, on tho shores of t^p Falkland Islands, sinks 
below ibs fighter strata of tho glacial current ; while the latter directs 
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its course to the north-east towards St. Helena, where it joins tho 
great equatorial river. Tho whole circuit is accomplished in a period 
which may be estimated at about two or three years.* 

Dissimilar, and often contradictory, observations recorded by various 
navigators who have studied the 23henomena of the waters in the South 
Atlantic, seem to put it beyond doubt that the currents of tliis basin 
have not the same regularity of course as those of the Northern Atlantic. 
It frequently happens that tlie water docs not flow in the direction 
indicated on maps, or even tends in an op 2 ) 08 ite direction to the 
normal movement. The iea‘5on of this diUcrenco between tho two 
basins is quite natural. While the N(>rth Atlantic is a very regular 
sea in its genei'al form, bounded on each side by almost parallel 
shores, the marine area Ijnng between Africa and South America 
expands \eiy widely from tlie coast of tlic southern pokir land. 
It may be considered Rimply as a gulf of the great ocean, which 
extends aronnd tlie globe to the south of the extremities of the 
three southern continents. Asa consequence of this irregular dis- 
]30sifion of the coasts, tho variations from the nonnal circumstances 
of the waters cannot fail to be very great. The cold wu rs from 
tho. Antarctic ]*olo, charged with fragments of ice fields abd ice- 
bergs, flow it is ti’iie with a continuous motion to replace tho vajiours 
which rise incessantly from the equatorial Atlantic. But the regular 
play oi‘ the cnirrents is modified now at one jioint now at onotlier, ac- 
cording to the greater or less activity of e\aj)oration in those parts 
of ihe sea. Besides, the changing eoait-winds which blow alter- 
nately from the ocean to the land and from tlio land to the ocean, 
iinjircss their varying movements on its surface. 

The Indian Ocean has likewise its great circuit of water. There 
too the mass of fluid, chilled by its sojourn in tho icy zone, is incess- 
antly flowing towards tho eejuator, in order to fill up the vacancy 
produced by the annual evaporation of 13 to IG feet. It flows 
along tho western coast of Australia, and afterwards unites with 
tho waters that come from the Pacific Ocean, through Torres 
Straits and the East Indian archipelago. But there the regular 
current seems to lose itself ; and we only see in the Gulfs of Bengal 
and Oihan, marine rivers changing their course with the mon- 
soons. Nevertheless it must really be that the general movement 
6f the waters is continued from the east to tho west around the vast 
basin, for on the eastern coast of Africa a current of warm water, 
incessantly supplied by the seas which bathe Ilindostan and* Arabia, 

* MiithcUuvgen ton Feimnanh^ t x 1866 
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flows to the Bouth-wost, and under the name of the Mozambique cur- 
rent, passes between the island of Madagascar and the continent, 
touches the edge of the gi*eat submarine bank of Lagullas, and 
spreads into the Antarctic Ocean, after having mingled a part of its 
waters in the great whirlpool of the Atlantic. At the part where it 
is narrowest, the Mozambique current is almost as rapid as the Gulf- 
stream, and moves with a speed of about miles an hour. In the 
centre of the eddy in the waters of the Indian Ocean, as in the North 
Atlantic, whole meadows of seaweed spread over the calm waters. 

The circuit of the currents commences In the great Pacific Ocean 
in the same manner as in the other basins. An immense river of cold 
water of unknown breadth strikes the island of Magellan, at the south 
of America, and divides into two partial currents, one of which, pene- 
trating into the Atlantic to the east of Ihe Falkland Isles where ice 
never comes, joins in the great lound of waters between Africa and 
Brazil, while the other flows directly loathe north along the coasts of 
Patagonia, Chili, and IVru, this is Humboldt’s current, tbus named 
after the celebrated tre^ oiler who first recognized itsVxistence. It 
carries with it large icebergs often laden ^vitli stones and fiagraents 
that have fallen from the Antaictie mountains, and by the coldness 
of its waters produces a remarkable low-ering of the temperature in all 
the countries whoso shores it bathes. I’Lis liquid mass, which has a 
depth of no less than G70 fathoms on the coast of Chili, gi\cs to the 
vegetation of the country a remarkable analogy, w ith that of St. 
Helena, w^hich at a distance of 4000 miles is w’ashed by another 
branch of the Antarctic current. Humboldt and Duperrey slate, 
that off the coAsts of Callao and Guayaquil, that is to say, in one of 
the driest climates and most exposed t(» the rays of the sun, the cur- 
rent is on an u^crago at from 59^ to CO Falir., while the adjacent seas 
are about 20" w^armer. Not a branch of coral can take root on the 
rocks and shores washed by this current of cold w'utcr : the polar 
current change^ everything on its passage, the flora, fauna, climate, 
and even the liistory of mankind. If the air w’as not constantly 
refreshed by the contact of cold w'ater coming from the Polo, Peru, 
which is so rarely watered byrf’ain, would be transfonnod into another 
desert of Sahara, and human life would become almost impossible 
there. By this current, too, the distances are notably diminished, 
and Valparaiso, Coquimbo, Arica, Callao arc, in reality, less distant 
from Europe than they appear on the map j for after having rounded 
Cape Horn, the ships sailing along the western coasts of South * 
America, are carried about 15 to 20 miles a day by this current. 



THE GREAT EQUATORIAL CURRENT. 


8 ! 


WidcrnDg more and more on the side of the open sea, Humboldt's 
cun'ent ends by abandoning the coast-lino, and bending towards the 
wes^ to mix its waters with those of the equatorial current tending 
from east to west across the Pacific. This liquid moving mass is un- 
doubtedly the most powerful oceanic river of our planet. According 
to Duperrey, it has a mean width of no less than {3f500 miles, from 
the twenty-sixth degree of south latitude to the twenty-fourth degree 
of north latitude, and on its immense journey in a straight line 
round the world, it traverses from 130 to 140 degrees of longitude; 
that is to say, more than a third of the eircumfference of the globe. 
Its average speed is like that of Humboldt's current, about 19 miles 
per day, but in certain places according to the seasons an advance 
twice as rapid has been ascertained. What the quantity of this 
enormous mass of water can be that is thus displaced from one end 
of the sea to the other, is unknown ; for it would l)e first necessary 
to know the mean depth of the current, but this the sounding-lead 
has not yet discovered. It is only known that at the point whe^ 
the water from tlie pole turns towards the west, to enter the groat 
equatorial stream, it proceeds “ en masse '' in one direction, with a 
depth of not less than a mile. 

In the midst of the innumerable islands which are scattered over 
the Pacific, the general regularity of the groat ounent is frequently 
disturbed, at least on the surface, in consequence of evaporation, 
rains, and even by the incessant labours of the coral-building 
zoophytes, which in various ways disturb the equilibrium of the ocean. 
Hut under the threefold iiifluenee of the terrestrial rotation, the trade- 
winds, and the great tidal wave which is propagated from east to west^ 
across the ocean,* the quantit}^ of water moved each day towards the 
west is certainly several tens of thousands of cubic miles. The only 
anomaly in this prodigious movement of the waters of the Pacific 
which seems inexplicable is the existence of an oceanic river flowing 
in an opposite direction to the principal current This reflux has 
been observed to the north of the equator over a mean breudtli of 
upwards of 300 miles ; elsewhere its speed is variable, and its ad- 
vance is not always in the direction of due east. In the absence' 
of measurements and positive experiments which permit us to give 
an exact account of the progress of this counter-current in the dif- 
ferent seasons, several hypotheses have been suggested to explain 
its origin. The common opinion is that it is masses of water turned 
aside on their course* and thrown back by submarine plateaux. f 
* "See below, p. 101. t Ilorscbel, rhytical Geognxphy. 
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Nevertlieless it is much simpler to admit that this is a noimal 
phenomenon! for in the Atlantic Ocean it has also been established 
that some lateral eddies tend in an opposite direction from the great 
liquid mass flowing from east to west. 

When it has arrived at the end of its voyage across the Pacific, the 
equatorial current must of necessity change its direction. A portion 
of its waters, driven now in one direction and now in another by the 
monsoons which succeed one another on the borders of the continents 
of Asia and Australia, flows into the Indian Ocean by the shallow 
straits of the East India islands. But the greater mass of the current 
is thrown back either to the south or to the north, by the resistance 
of the shores against which it dashes and breaks. The half of the 
current which strikes the coasts of Australia diverges towards the 
south, and flows in the direction of the Antarctic lands. It thus flows 
in the opposite direction to the polar current, which it finally encounters 
to the south of New Zealand, and plunges beneath its colder waters 
T^hich by their freshness are rendered lighter. To the east and 
north-east the current from the Antarctic seas complet('8.-the enormous 
circuit described by the waters in the southern basin of the Pacific. 

The other half of the equatorial current, diverted by New Guinea, 
the Philippines, and that long barrier of islands lying to the east of 
China, bends gradually towards the north and flows along the outer 
coasts of Japan. It is the Gulf-stream of the Pacific Ocean, called 
also Tessan's current, after the navigator who revealed its existence to 
the savants of Europe. But for centuries, and perhaps thousands of 
years, the Japanese have known and prized it highly for their qoast- 
navigation. They give it the name of Kuro-Sivo, or “ Black River,*' 
doubtless because of the deep blue of its waters. Less rapid than the 
Gulf-stream, its advance is nevertheless on an average more than 
IJ mile per hour, and in many places very much exceeds this speed. 
Before Yeddo its mean temperature is Fahr., that is to say, 

about 10° to 12° Fahr. higher than the still waters beside it. Further- 
more, the Kuro-Sivo, like the Gulf-stream, is composed of liquid 
bands of unequal temperature flowing beside each other like twe • 
distinct rivers in the same bed. , 

In passing the largest island of Japan,* the Black River, obedie 
to the impelling force which the rotation of the earth has commu^ 
cated to it under tropical latitudes, alrea<^ .commences to 
towards the north-east, and, spreading over a vast extent, 
depth what it gains in surface. To the nofth of Japan, it 
* D« EerhAllet, Cbiuidtra$i&tu $ur VOeean 
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obliquely a current of cold water emerging from the Sea of Okhotsk, 
to replace in part the void caused by tlie evaporation in the equatorial 
seas. Thick fogs, similar to those of the Bunks of Newfoundland, 
rest above the spot of contact between the warm and cold waters. 
Shoals of fish, the object of pursuit to fishermen, people this maritime 
zone, which serves as a limit between the two currents, and whore the 
mass of animalcula and remains brought from the tropics is joined 
to those which are conveyed in the waves coming from the north. 
Still, the phenomena presented by the me*^ting of the two currents 
have not the same grandeur in the North Pacific, as under the corre- 
spotlding latitudes of the Atlantic. For tlic mass of water flowing 
from the Sea ol Okhotsk is relatively less considerable, and the open- 
ing of Behring’s Straits, 31 miles wide and 50 fathoms deep, is of 
too small dimensions to allow much water from the icy ocean to 
penetrate into the Pacific. Only small coast -currents carrying tho 
pines and firs from the shores of Siberia, and rounded ice-floes from 
along the two coasts, cross fiom one sea to the other. In sum- 
mer the current which comes from the north, both on the eastern 
and western bank of the strait, is only a superficial current. On tho 
other hand, the slight portion of the waters of the Black River which 
passes beyond the range of the Aleutian Islands, to enter Behring’s 
Straits, is a submarine current, at least during tho summer season. 
Arriving in the icy sea, still warm and strongly saline, it mingles 
with the cold and light water which descends into tho Atlantic by 
Baffin's Bay.* 

*^0 groat mass of tho Kuro-Sivo traverses the Northern Pacific 
from east to west with a graceful curve, no less, beautiful than that 
formed by the islands that are washed by its waters; then bends 
gradually to the south-west and south, to coast the shores of California; 
finally, in tho neighbourhood of tho tropics, it changes its direction 
again, and is lost in the equatorial current, enclosing in its circuit a 
floating forest of sea- weed hardly less extensive than that of the 
Pacific. 

Contrary to Humboldt’s current, which rolls its cold waters and 
drives before it icebergs to refresh the dry and burning atmosphere 
of Peru, the gulf-stream of the Japanese carries along the coasts of 
Sitka and Vancouver's Island a mass of waters warmed by a long 
sojourn under tropical heat, and by its vapours brings spring to 
regions which without it would have a very severe winter. It boars 
on its waves the fragments which it has received from the coasts of 
* Bs Haven— Hiibry-^OuitaTe Lambert, 
a 2 
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tlie Moluccas, the Philippines, ^and Japan. To the inhabitants of the 
Aleutian islands and Alaska it gives, as fuel, camphor-wood, and 
other odoriferous trees from southern countries ; it serves too as a 
highway for all kinds of waifs, carries away disabled ships, and 
numberless traditions relate how Japanese sailors were drifted afar 
and landed against their will on the coasts of America. And it is 
perhaps to an adventure of this kind that the Chinese navigators owe 
their discovery of the New World ten centuries before Columbus, if 
it is true tliat the country of Fusang, mentioned in the annals of 
China, is in fact the countries of Mexico nncl Guatemala. Messrs. 
Neumann, d’Eichthal, and other Icarnod scholars do not doubt the 
authenticity of this historical fact. 
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CHAPTER X. 

LATEiUL EDDIES. — BENNEI.L’S CURHBNT. — COUNTEB-OITRRENT IN THE SEA OF THE 
ANTILLES. — EQUILIBRIUM OP THE WATERS IN THE BALTIC, THE BOSPHORUS, AT 
THE ENTRANCES TO THE MEDITERRANEAN AND THE RED SEA. — EXCHANGE OP 
WATER AND SALT BETWEEN THE SEAS. 

None of those great currents, which wind through Uie oceanic basins, 
show in their exterior contours the same sinuosities as the seas through 
which they flow. While most of the shores present a succession of 
promontories and gulfs, the currents stretch in long regular curves, 
which in their vast sweep indicate but generally the form of the 
depression which contains them. Every considerable gulf, which is 
separated from the ocean by any projecting land, remains outside 
the whirlpool of waters, unless it should bo in the very axis of the 
current, like the sea of the Antilles. Yet even in those parts, which 
do not share in the general circulation, tlxe waters do not remain 
perfectly stationary. They also have their circulatory system, and it 
is from the great maritime current that each secondary eddy receives 
its impulsion. 

A remarkable example of these currents of the secondary order 
is presented on the west of Europe in the semicircular basin 
formed by the coasts of Spain, France, England, and Ireland. A 
portion of the waters of the Gulf-stream coming from the north and 
north-west strikes the coasts of Galicia and the Asturiiis ; it turns 
east towards the extremity of the Gulf of Gascony, flows along 
the shore of the Landes, then that of Saintongc, Poitou, Bretagne, 
and returning in a north-west and west direction, forms a sort of 
liquid barrier across the Channel. To the south of Capo Clear 
this oceanic river, known under the name of Rcnneirs current, 
after the English savant who discovered its existence, finall}^ enters 
the Gulf-stream, and returns to the south with the waters of the 
ocean. Thus a complete circuit is made around the basin, analo- 
gous to that which occurs in each of the great oceans of the world. 
Rennell^s current, in its turn, coasting at a greater or less distance 
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the shores of the continent, sends out into the little bays currents of 
a third •rder, which also complete their circular movement, like the 
Gulf-stream and the Kuro-8ivo ; and so by lateral transmission, the 
circulation of the waters is continued from oceans to gulfs, from 
gulfs to bays, and from these to the creeks. These secondary 
currents, however, are usually much less regular than the general 
currents, and navigators have ascertained that at times Rcnnell's 
current has flowed in a completely reversed way to its normal 
direction.* 

Secondary currents generally move in a course exactly opposite 
to that of the principal stream, of which they are only a branch bent 
back on itself. Either permanently or temporarily they are found in 
all seas, open or inland, in all gulfs and bays of the ocean. Even 
the sea of the Antilles, the waters of which are carried almost m 
ma^^e towards the Gulf of Mexico, presents at its western extremity 
a permanent current, which tends from tlu' shores of the isthmus to 
those of Columbia. A vessel drifted by the principal current into the 
neighbourhood of Nicaragua, W'ould only have to asce^id to Colon, and 
then abandon itself to the waves in order easily to accomplish its re- 
turn voyage, borne by the w'atcrs w^hich flow' incessantly in the 
direction of Carthageiia and Santa Marta. Many lazy seamen never 
pass from the ports of the isthmus to those of Terra Finna in any 
other way. Regardless of time, they let themselves be rocked by the 
billows without even taking the trouble to hoist the sails. Their 
bark, slower than a tortoise, advances at the most but a mile an 
hour, and after eight or ten days spent on the passage, they finally 
perceive the bluish mountains of New Granada, and its sandy shores 
shaded by cocoa-nut trees. 

There are some currents which are evidently produced by a dis- 
turbance of equilibrium between two levels. Thus the Baltic Sea, 
which receives more water by the contributions of rivers than it loses 
by evaporation, must necessarily distribute its superfluity in the 
North Sea through the straits of the Sound and the two Belts. 
Nevertheless, these outlets being large and deep enough to difiuse 
the superabundant water in a little time, the current is not per- 
manent. Waves from the North Sea, driven into the Baltic by the 
westerly winds, frequently meet it, and from this conflict of waters 
arise local and unexpected movements, dangerous to ships. Every 
four days the waters on the surface flow on an average for forty- 
eight hours towards the Cattegat, then flow back into the Baltic for 
* Gareis and Becker, Thymgiraphie de9 Meeret. 
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one day, and during another day there is no sensible moToment in 
either direction. Often, too, according to Forclihamxnor, ^e two 
contrary currents glide one above the other; the lighter on the 
surface, coming from the Baltic, and the other from the North 
Sea, heavier by reason of the salt it contains, flowing beneath. 

At the other extremity of Europe similar phenomena occur in the 
Bosphorus, at the outlet of the Black Sea. This strait, which receives 
the superabundant waters of the Euxiiie, presents a mean breadth of 
more than a mile, with a depth of 15 fathoms,^ so that if the waters of 
the sea flowed there in a continuous manner as in the bod of a river, and 
the swiftness of the current were only about 1 J mile per hour, it would 
not discharge less than nearly 3G,000 cubic yards per second. But 
it is probable that all the united affluents of the Black Sea and the 
Sea of Azof supply hardly the half of this quantity ; and, besides, a 
great part of the water brought by them is carried off again by evapora- 
tion. The Bosphorus is therefore too large to serve as the bed of a 
single current flowing from the Black Sea into the Sea of Marmora. 
It has boon observed that the waters ordinarily descend towards 
the Mediterranean, with a speed of from 2 to 4 miles an hour ; but 
the existence of tolerably rapid lateral counter-currents has also been 
established ; and sometimes the winds blowing from the west cause 
the principal current to flow back through the strait. A submarine 
movement of the waters in the direction of the Black Sea also exists, 
as already ascertained by Marsigli in the last century. 

At the western part of the Mediterranean, between Gibraltar and 
Ceuta, the nonnul current is that coming from the ocean. In fact, 
the Mediterranean has not many considerable tributaries. It only 
receives a single river having a really great mass of water, namely, 
the Danube ; its other affluents of any importance, the Rhone, the 
Po, the Dniestr, the Dnieper, the Don, and the Nile, bring, on an 
average, not more than 19,620 cubic yards of water per second.t 
On the other hand, evaporation is very rapid in the basin of the 
Mediterranean, especially on the coasts of Egypt and Tripoli. We 
may admit that the quantity of water taken from this basin by 
the solar rays, and not directly restored by rain, annually represents 
a section of about 4 J feet ; which is probably near enough to the 
truth, as in the neighbourhood of Genoa, Beaucaire, Arles, and 
Perpignan, on the northern shores of the sea, the evaporation exceeds 
four-tenths of an inch per day in the great heat, and nearly 2 feet 

* Tchihatohef, Atie Miimtre. 
t Sea in Vol. I. the aection entitled, divers. 
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during the three summer months,* while tho amount of rain during 
the yea||jis about 19 J inches. The result is that the Mediterranean 
constantly loses three times as much water as it receives by its tribut- 
aries. It is the ocean then which must fill up the void ; a portion of the 



Pig 21 -The Straitb of Gibraltar 

current which flows from north to south along the coasts of Portugal 
and Spain, enters by tho Straits of Gibraltar, and spreads far into the 
Mediterranean in supei-ficial sheets. Nevertheless, if this inland sea 
did not also send a counter-current to the Atlantic, it would sooner 
or later be changed into an immense plain of salt. Incessantly 
losing fresh water by evaporation, and always receiving salt water 
from the ocean, its liquid mass would become in the end completely 
saturated, and the crystals of salt would line the marine bod in 


Amialet dtt Ponla et Chauateca, 1863 Vigan, ibid. 1866. 
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ever increaBing layers. In order that the equilibrium of saltness 
between the two seas should not be interrupted, it is nece^gary that 
the Mediterranean should send its saltost waters to the Atlantic. 
This is, in fact, what takes place. Besides the lateral eddies that 
occur along the shores on each side of the current coming from the 
Atlantic, a Mediterranean counter-current flows below the lighter 
superficial waters, and takes its dii'eciion towards the ocean. This 



Fig. 26 — -Proflle of the Straits of Gibraltar. 


submarine river, which passes the Straits of Gibraltar to be lost in 
the open sea, is, as chemical analyses have shown, a current of heavy 
water, almost saturated with salt. Thus, an exchange is accomplished 
through tluit narrow passage ; the Atlantic gives to the Mediterranean 
the waters which it needs, and receives in return its superfluity of 
salt to diffuse through the ocean. The sea endeavours incessantly to 
re-establish its constantly disturbed equality at the boundary of the 
two marine basins, at a depth of about 546 fathoms. 

This harmony of the forces of nature is shown in a still more 
striking manner at the entrance to'the Red Sea. This elongated gulf, 
which is nearly 1480 miles in length from the Strait of Babel- 
Mundeb to Suez, receives from the atmosphere and the bordering coun- 
tries so slight a quantity of water that it may be considered as absolutely 
nothing. It rains but very rarely over the sheet of water lying be- 
tween the two deserts of Egj^f Arabia, and not a single torrent 
brings down its waters to it. The Red Sea is therefore only an im- 
mense basin of evaporation, and the annual loss is all the greater 
that the rays of the sun shine almost always from a cloudless sky. 
The portion of fluid transformed into vapour is estimated at about 
eight-tenths of an inch per 24 hours ; that is to say, nearly 28 feet 
per year, so that if the gulf was completely closed, the water, whose 
mean depth does not exceed 220 fathoms, would be entirely dried 
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up in the space of 60 years. Owing to their higher level, the 
waves of the Indian Ocean are carried into the Arabian Gulf by the 
Straits of Babol-Mandob ; and this flow, superficial or submarine, 
must make itself felt with all the more force, because during eight 
months of the year the winds blow from the north to the south, pre- 
cisely in the axis of the Red Sea, and would thus tend to empty the 
gulf, if the laws of gravity permitted. But whatever be the swift- 
ness of the current coming from the Indian Ocean, a portion of its 
water evaporates on the way, and, in consequence, the liquid mass, 
diminished by a certain quantity from evaporation, must become 
Salter and salter in proportion as it advances to the north. In fact, 
it has been establichcd by direct analyses, that the quantity of salt 
contained in the same volume of water increases gradually from 
Aden to Suez. From a little more than 39 parts in a thousand at 
the entrance to the gulf, it rises to 41 and even 43 parts in the 
thousand at the northern extremity.* Dr Buist, a scholar of Bom- 
bay, has calculated that if the Red Sea did not return to the ocean 
the salt that is concentrated there in consequence of ('V^iporation, it 
would cud in being changed into a solid mass of salt in a space of 
time certainly less than three thousand years, and perhaps in only 
fifteen or twenty centuries. t Now the Red Sea has already existed 
for thousands and thousands of years, and its waters (more salt than 
those of other seas, it is true) are still very far from being in a state 
of saturation. We therefore come to this inevitable conclusion, that 
a very salt submanne current flows through the Straits of Babel- 
Mandeb into the Indian Ocean, in an ojipc'sitc direction, and below 
the superficial current which supplies the Arabian Gulf. As in 
liouscs, each door serves at the same time as a passage for two con- 
trary currents, that of the warmer and lighter air which escapes 
above, and that of the colder and heavier air penetrating below, so in 
the seas, each strait is traversed by two streams, difierent in tem- 
perature and in their saline contents. 

All these phenomena of exchange, which occur in such a striking 
manner at the entrance to the Red Sea, the Mediterranean, and the 
Baltic, are reproduced in the vast space of the seas wherever the 
equilibrium of level, warmth, or saltness, is disturbed by any cause 
whatever. Thus the Atlantic, much better supplied than the South 
Sea as regards rains and afiluents, is nevertheless not more elevated ; 
and on its side the Pacific does not contain a greater quantity of salt 
than the other oceans. On all parts of the planet, seas bating the 
♦ Set above, p. 23. t Maury, Oeography of the Sea, 
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shores of countries most diverse in appearance and geological forma- 
tion, have a tendency to resemble each other in their composition, salt- 
ness, and in most of the other phenomena of their waters. The currents 
are the great agents in producing this equilibrium in the seas ; but 
by their very mobility, their dependence on the seasons, winds, con- 
figuration of the coasts, and finally, by reason of the submarine part 
of their course, they are exceedingly difficult to observe in a sys- 
tematic manner, — and among the numerous general and partial cur- 
rents, there is not a single one, not even the Gulf-stream, whose 
normal course can be traced with complete precision. Happilj^, 
scientific observations are now being multiplied over all the seas ; 
they add to and unite with one another ; and, little by little, approach 
the truth by approximations which result from the comparison of 
facts. Every new sounding, every new thcrmometiical reading, is 
an acquisition to science, and allows us to follow with a clearer eye 
the complicated circulation of the waters in the immense labyrinth 
of the ocean. 
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BOOK III.— THE TIDES. 


CHAPTER XI. 

OBCILLATIOI^ OF THE LEVEL OF THE BKAB. — THEORY OF THE TIDEB. 

Another movement which keeps the waters of the sea in a constant 
agitation is that of the tides. While the currents carry the waves 
from one pole to the other, and stir the very mass of t^e ocean, the 
tides incessantly modify the level by the alternations of ebb and flow, 
which they impart to its waters. Tliey raise or depress without Fix- 
ation the mass of waves on all th(» shores of the globe ; the strand, 
which by turns they invade and lay bare becomes debatable ground 
between the two elements, and successively forms a part of the oceanic 
basin, and the continental surface. Twice a day vast plains of sand 
like those of Mount St Michael are invaded by the waves, deep bays 
are formed far into the laud, and barks glide with sails spread above 
the path which the pedestrian has jusi quitted. Twice a day the 
same tidal wave causes the waters brought to it from the continents 
to return back again, transforms simple rivulets into large rivers, 
changes basins filled with mud into vast inland li arbours, and carries 
fleets of ships over sandbanks and hidden rocks. Six hours after- 
wards all is changed. The tidal ports are strewn with ships stranded 
and lying in the mud, the mouths of rivers allow their islands of 
alluvium to emerge, and great bays are no more than plains of 
sand. Thus the outline of continents incessantly changes in ap- 
pearance ; the girdle of estuaries and ports, beaches, rocks, and sand- 
banks which surround their coasts, continually alter, and change 
the geography of the shores in the same proportion. Besides, move- 
ments so considerable cannot occur without being accompanied by 
very powerful currents, flowing alternately from the open sea towards 
the coast, and from the coast to the open sea, and contributing greatly 
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to the general circulation and mingling of the waters in the ooean^ 
The influence which the ebb and flow of the tides exercise indireotlif^ 
on the commerce and civilization of nations is immense ; it is to 
these movements of the sea that England owes in great part her 
power and glory. 

In all times the people dwelling on the borders of the ocean 
have understood, without being able to account for it, that the 
alternate phenomena of ebb and flow depend on the position of the 
moon and sun relatively to the earth. The coincidences that they 
saw renewed each day between the movements of the tides, and those 
of the large heavenly bodies, could not leave them in any doubt 
of this, fciailors and fishermen, accustomed to look to the sky for 
the signs of the weather, and indications of the route which they 
ought to follow,- had no trouble in ascertaining that the return 
of every second tide corresponds exactly to the passage of the 
moon over the same degree of the heavens ; that is to say, to th( 
commencement of a new limar day. Following the phases of the 
moon, at new, half-moon, or full, they saw the tides change in e 
regular manner, and become successively higher and higher, and 
afterwards, from day to day, lower, till the end of the lunar month. 
Finally, the movements of the sun also announced to them before- 
hand the approaching state of the waves, for the equinoxes oi 
March and September are always accompanied by very high tides. 
Tliese coincidences between the phenomena of the sea and the move- 
ments of the moon and sun are so striking, that all barbarous 
maritime tribes have remarked them, and have rudely symbol- 
ized the idea in their songs. Thus the Scandinavian nagan re- 
present Thor, the god of winds, blowing the water with a horu 
which he plunges into the depths of the ocean, and by his power- 
ful breath causing the waves to rise and fall by turns. What car 
this strange legend signify, if not tliat the regular oscillations oi 
the tide depend on the cosmical forces to which the planet itself it 
subject P 

Nevertheless, these symbolic tales’ of the ancient Scandinavians 
are far rem6vod from that scientific theory of the tides, which the 
researches and sagacity of Newton and Laplace have established. 
Even Pliny, when he aflirmed clearly that the tides are due “ to the 
combined influences of the sun and moon,** restricted himself to sum- 
ming up in precise terms what all ^the dw^ellers on the shores of the 
ocean knew ; but he could not explain in what manner this influence 
was exorcised. The explanation of the mysterious phenomena of th^ 
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periodical swelling of the waters could only be attempted in modem 
times, with the aid of the knowledge obtained by astronomers on the 
motion of the celestial bodies, and with the powerful means of investi- 
gation, which mathematicians have supplied them with. Kepler first 
indicated the course to be followed; and Descartes, and then Newton, 
each gave his theory explaining the tides, the one by pressure, the 
other by the attraction exercised by the sun and moon on the mobile 
waters of the sea. It is the latter theory, that of Newton, which was 
developed later, much modified by Bernouilli, Euler, and Laplace, 
and which Lubbock, Whewell, ChazaHon, and so many other natural 
philosophers have since compared with observations made on tho 
shores of the ocean. Being very satisfactory in most respects, it is 
now very generally accepted ; but it still has eminent opponents, 
among whom F. Boucheporn* must be named ; n^any of the secondary 
facts are still to be elucidated, and many local plienomena arc not yet 
understood. To follow the tides in their progress and fluctuations 
across the seas, it is not sufficient to know tho laws of gravitation, 
and to calculate with the most rigorous exactitude .the movement 
and position of the heavenly bodies; one must also know all the facts 
relative to the movements of fluids, and know how to apply to all 
their phenomena of acceleration, retardation, increase; interference, 
and equilibrium the most complicated and most minute formulae of 
high mathematics. It would also be indispensable to know every 
fact respecting tho form of the shore, and the inequalities of tbe 
bed of the sea. 

Reduced to its principal elements, the theory of tides set forth by 
Laplace, and generally adopted since, is very simple. The earth is not 
an isolated body in space ; it is attracted by all the nearer heavenly 
bodies, and it is indeed in great part this for(*o of gravitation which 
causes it to turn round the sun, and retains the moon as its satellite. 
Let us imagine for an instant the barth to be covered with water over 
all its surface, and subject to the attraction of the moon alone. 
This superficial part of the planet would be more strongly attracted 
than the solid portion, since it is nearer to the moon which attracts 
it ; and owing to the facility with which liquid particles glide one over 
the other, it would swell, so to say, towards the nioon till its weight 
would be in equilibrium with the attracting force. It would then form 
an intumescence, the summit of which would be exactly on the ideal 
line which unites the centre of the eatlh to that of the moon. On 

* FhiloiophU NaturelU^ pp. 1—206. 
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the other side of the planet, according to the general theory^ the 
waters ought to swell in a corresponding wave, and that from a pre- 
cisely contrary cause. The liquid strata on this part of the earth 
being further from the moon than the solid kernel, are less attracted 
than it, and in consequence must remain slightly behind, thus form- 
ing a now intumescence, the summit of which will be found on a pro- 
longation of the line uniting the planet with its satellite. Considered 



• Fig 20 —Lunar tide. 


as a whole, the mass of marine waters would thus assume the form of 
an ellipsoid, having its greater ’axis directed towards the moon, which 
is the centre of attraction. It results from this, that the tide ought 
to be nothing at all, or veiy slight, at the poles ; since in its revolu- 
tion, the moon while moving to the north and south of the equator 
maintains itself at the zenith of tropical or sub-tropical regions. 

If the earth remained immovable these two waves would advance 
slowly, following tjie course of the moon ; but in consequence of the 
rotation of the earth, they ought to move rapidly in pursuit of one 
another over its circumference : the wave of the greatest attraction 
moving imgossantly over the part lighted by the rays of the moon, 
while the wave of the weakest attraction is propagated from the 
other side of the earth on the part furthest from the satellite. In 

^ This illustration, as well os figs. 27 and 29, have been borrowed from the fine work by 
M. Am6d4e Guillemin, entitled JA Owl, 
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Uhe space of a lunar day, that is to say, within the 24 hours 50 
I minutes during which the earth has successively presented all parts 
of its surface to thejplanet which accompapiies it, the two waves 
ought each to accomplish a ccftnplete circuit around the globe, and 
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each should have a total duration of 12 hours 25 minutes. This is, 
in fact, what takes. place over all seas.* As to the numerous vari- 
ations presented by this pheuonienon, in its height and the precise 
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course around the globe ; owing to the incessant mobility of the 
waters, they mix and are confused, and it is by calculation alone that 
we can discriminate in their common mass the part that is to be re- 
ferred to each of the two heavenly bodies. These two united in- 
tumescences move together around the earth in a direction from east 
to west ; that is to say, in the opposite direction to the rotation of 
the globe. Serving thus as a drag upon the planet, they must in 
the long run lead to that slackening of its speed, which the calcula-. 
tions and deductions of Meyer, Tyndalb Joule, Adams, and Delaunay 
lead us to consider as inevitable.* 

When the moon, called new, turns its dark face towards us, and is 
thus in nearly the same direction as the sun relatively to the earth, 
the attractions of the two great celestial bodies join together, and the 
two tidal waves, raised at the same time towards the same point of 
space, are exactly superposed. They form those tides of syzygy or 
high water, called spring- tides, which rise to such great heights along 
our shores. At the time of full moon, that is to say, when the 
satellite, entirely lighted, is in direct opposition to the sun, new tides 
of syzygy not less elevated than the fost are formed; for under the 
influence of the heavenly bodies situated opposite to each other a 
double intumoscenee is simultaneously produced on both sides of the 
earth. During none of the other phases of the moon does this coin- 
cidence exist ; at the time of quadrature, the two groat movements 
of the waves oppose one another, and the tidal wave, which represents 
then the lunar wave diminished by the entire solar wave, is less 
elevated than during the other phases of the moon. If the two 
attracting forces were equal in power, the neutralization of the tide 
would be complete, and the level of the sea would remain undis- 
turbed. 

To give an idea of the fluctuations which occur during the course 
of an entire tide, under the influence of the heavenly bodies, and 
which are variously modified by the atmospheric currents, the form 
of the coast, and inequalities of the bed of the sea, we borrow the 
following figure from Beanhnore. 

The periods of the tides are exactly those of the bodies which raise 
them. The semi-diurnal period of 12 hours 25 minutes is comprised 
between the passage of the moon over the two opposite meridians 
of the earth. The diurnal period, during which the ocean Swells 
and subsides twice, corresponds exactly to the duration of one ap- 
narent rotation of the satellite around our planet. There is the 
* Se« in Vol I. the Motion entitled, Tht Earth in Spac$, 
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same coincidepce for the semi-monthly period ; the return of the 
spring-tides occurs from fortnight to fortnight with the return of 
the full or ilew moon, and the monthly period is completed when the 
scries of lunar phases recommences. Nor is this all ; the tides have 
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also their semi-annual period, from the equinox of March to that of 
September, for the sun being then directly above the terrestrial 
equator, exercises a stronger attraction on the liquid masses, and the 
waves of the spring- tides rise to a greater height than usual. 
Finally, an annual period is marked for the tides by the epoch when 
the earth is nearest the sun. This epoch fulls during the winter of 
the northern hemisphere, and it is then indeed that the spring-tides 
rise with most force on the coastb of our continents. • 

Tlius the phenomena of the tides are intimately connected with the 
celestial movements, and every change in the relative position of the 
bodies which attract our planet, manifests itself by a corresponding 
change in the level of the seas. Knowing beforehand the route which 
the earth follows in space, astronomers foresee thereby even the future 
oscillations of the wave, and can trace their curve for centuries to come. 
Nevertheless, it must be admitted, this curve is only true in theory ; 
for if the tides in their origin be due to astronomical causes, they are 
also subject to variations from terrestrial phenomena. Like the winds, 
currents, and all the other manifestations of planetary life, they pre- 
sent incessant variations, and are, so to say, in a continual genesis. 
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CHAPTER XII. 

THEORY OF WHEWELL ON THE ORIGIN AND PROPAGATION OP TIDAL WAVES. 

— ORIGIN OF THE TIDE IN EACH OCEANIC BASIN. — “ESTABLISHMENT” OF PORTS. 

— “ COTIDAL " LINES. 

The English natural philosopher, Whewell, who during long years 
made laborious researches on the phenomena of ebb and flow, was 
the first to apply the name of ** cradle of the tides to the great con- 
tinuous sheet of water which covers almost all the surface of the 
southern hemisphere. It is in this vast basin, of which all the other 
oceans are mero ramifications, that th^ combined attraction of the sun 
and moon would first raise that wave, which from shore to shore dashes 
at length against the coasts of Greenland and Scandinavia. It is there 
that the water, a few instants after the passage of the moon over the 
meridian, would itself attain the level of its highest elevation, and 
wohld form that first regulating intumescence, which the surface of 
all the seas would obey one after the other, as a cord shaken at one 
of its extremities oscillates to the other end in rhythmical vibrations. 

According to this theory, the tidal wave circulates incessantly 
throughout the Antarctic Ocean, to the south of the extremities 
of the throe continents of Australia, Africa, and South America. It 
follows from east to west the apparent course of the moon, and thus 
describes a real orbit round the earth similar to that of the celestial 
bodies. Even in the central Pacific and the Indian Ocean, the tide 
obeys this normal impulse towards the west. It strikes the coasts 
of Australia and Now Guinea almost simultaneously ; then thirteen 
or fourteen hofirs afterwards it dashes on the eastern coast of Africa, 
from the bank of Lagullas to Cape Guardafui ; finally, seven or eight 
hours later, the coast of South America is struck in its turn from 
Terra del Fuego to the estuary of La Plata. 

1*0 the north of those large oceanic tracts of the South Sea, the 
tides, not having the same facilities for developing themselves in a 
normal manner, would be obliged to change their direction. But in 
spite of this deviation, they would not the less be, Whewell thinks^ 
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oontinuations of the primitive swelling. Arrested by the American 
continent, which bars its passage, the tidal wave would rebound 
towards the north, and follow the contoura of the oceanic valley, like 
a torrent enclosed in a mountain gorge. Striking the coasts of 
America and those of the Old World, under the same latitude, at the 
same time, and at an equally oblique angle, it roaches almost simul- 
taneously, on either side of the Atlantic, the Bay of Fundy and the 
Irish Channel, where its highest known elevation is observed. The 
tidal wave accomplishes this passage of about 6000 miles, from the 
Cape of Good Hope to the British Isles, in about fifteen hours. But 
its entire voyage, from the centre of the Antarctic Ocean, must have 
lasted more than a day, and in consequence of the gradual slacken- 
ing of speed of the waters on the shores of Great Britain, it is only 
after two days and a half that the tidal wave reaches the mouth of 
the Thames. Thus the moon would have had time to raise five suc- 
cessive tides in the Pacific Ocean before the motion of the liquid 
mass would have been propagated to the entrance of the North Sea. 

Such is the theory which the labours of howell have caused to 
be long considered as the very expression of truth. Nevertheless, 
it is not certain that things occur in this way. In fact, it is ascer- 
tained that in each oceanic basin the tide seems to start from the 
centre, and to be propagated in all directions parallel to the general 
direction of the coasts. We may naturally conclude from this, thjit 
each great division of the ocean, considered as an isolated sea, is 
really the cradle of the tides which break upon the surrounding 
shores. What confirms this idea, too, which appears so probable at 
first, is that the various oceans are separated from one another by 
spaces where the regular tide is hardly perceptible. Thus between the 
South and North Atlantic, whosCj precise boundary may be defined 
by the promontory of St. Roque and Cape Verde, there exists a wide 
zone where the tide hardly changes the maritime level more than about 
23 to 27 inches, as at the islands of Ascension and St. Helena. Be- 
sides, according to the theory of Whewell, the tidal wave on the 
coasts of the Argentine Republic and Brazil, ought t& propagate it- 
self from south to north ; whilst, on the contrary, the movement 
proceeds from north to south, from Pernambuco to the mouth of the 
La Plata.* When we see a tidal wave rise ofif the bank of New- 
foundland, in the deepest part of the Northern Atlantic, it is 
not therefore necessary to consider this as the same wave which 
twelve hours before was raised near the bank of Lagullas at the en- 
* FiUroy, Advtniun and Appendix to Vol. II. 
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trance to the South Atlantic. It is perhaps better to regard the 
oscillations which occur at the same time in both hemispheres^ as 
coincident but independent phenomena. 

Nevertheless, in each isolated basin the movements of the sea are 
much as Whewell has described them. On the coasts of France 
and the British Isles the tide certainly comes from the open sea, and 
in its progress along the shores, the original motion which the attrac- 
tion of the sun and moon produced in the middle of the open sea con- 
tinually decreases. On penetrating into the shallower seas which 
surround Ireland and Great Britain, the tidal wave gradually 
slackens. After having struck Cape Clear and the promontory 
of Land’s End, it is propagated with such slowness around the two 
islands, that 19 hours elapse before it arrives at the Straits of 
Dover, where it meets with another wave newer by 12 hours, 
which has come by the shorter route of the Channel. Whence 
comes this slackening of the wave ? The researches of astronomers 
and natural philosophers inform us, that the speed of the tidal wave 
is proportioned to the depths of the ocean ; driven by an equal 
force, the circumference of a wheel turns the faster the greater its 
diameter ; in the same way the tide hastens or slackens its move- 
ment, according to the depth of the watery mass which it traverses. 
In those latitudes where the bed of the ocean is 5000 fathoms 
from the surface, the speed of the wave is about 528 miles an hour ; 
where the depth is only about 50 fathoms, the tide is not propagated 
more than about 60 miles in the same space of time ; finally, when 
the bottom is at about 5 fathoms below the marine surface, the move- 
ment of the waters is greatly retarded, and does not exceed 15 miles 
per hour, that is to say, 440 yards per minute. 

In consequence of the delay which the tidal wave experiences, the 

establishment," that is to say, the time which elapses between the 
passage of the moon over the meridian and the moment of full 
tide, varies singularly in different poyts situated near each other. 
Thus while at Gibraltar there is usually a coincidence between the 
astronomical* and marine phenomena, and the establishment is re- 
duced in consequence to zero ; this interval is about an hour and 
15 minutes in the port of Cadiz, and 4 hours at Lisbon. At 
Bayonne, as at Lorient, it is 3 hours 30 minutes, at the mouth 
of the Gironde and at Cherbourg it is 7 hours 40 minutes, at 
Havre 9 hours 15 minutes, at Dieppe 10 hours 40 minutes, at 
Dunkirk 11 hours 45 minutes. The establishment varies on 
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shore according to the speed of propagation of the tide across the 
open seas and in the gulfs and estuaries. 



Pit 81 Unei of tb9 Britldi Itltt. 
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The sinuous line which unites all the points in the ocean where 
the full tide occurs exactly at the same hour, has received from 
Whewell the name of cotidal line ; it indicates the curve which the 
crest of the tidal wave forms at any one moment on the surface of 
the sea. It is around the British Isles that these lines of simul- 
taneous swelling or of equal establishment, have been most care- 
fully traced. By calculation and direct observation, that part of the 
oscillation on the mobile and almost always agitated surface of the 
sea, which is to be referred to the phenomena of ebb and flow, has 
been detected ; and much more exact maps of these swellings and 
depressions, which are invisible on the open sea, have been drawn, 
than of the vast continental regions which are at present but little 
known. Thanks to the labours of Whewell, Airy, Lubbock, and 
Beechy, one can now follow the whole series of cotidal lines which 
succeed one another from hour to hour around these two great 
islands, from the crest coining in from the open sea, at the entrance 
of the English Channel and the Irish Sea, 4 hours after the passage 
of the moon over the meridian, to the swelling, which 19 hours 
later reaches to the south of the German Ocean and penetrates into 
the funnel of the Straits of Dover, where it meets the other tidal 
wave coming directly by the Channel. The general form of these 
curves demonstrates in a striking manner that the speed of pro- 
pagation of the tide is in proportion to the depth of the seas. Every- 
where we see the cotidal lines devclope their convex part above the 
deeper valleys of the marine bod ; everywhere we see the wave 
slacken its speed in the neighbourhood of shallow rocks and shores. 
One could oven by an inspection of these lines of equal intumescence 
indicate exactly those parts where the lead would descend lowest ; 
so intimate is the connection of cause and efiect between the depth 
of the sea and the progress of the tide. ^ 
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CHAPTER XIII. 

APPARENT IRREGULARITIES OP THE TIDES — EXTRAORDINARY SIZE OP THE TIDAL 
WA\F IN CERTAIN BA\S — INI ERPELENCL OF EBB AND PLOW —DIURNAL TIDES. 
— INEQUALITIES OF SUCCESSIVE TlDER 

Innumerable are the apparent irregularities which occur in the 
phenomena of the tides, in consequence of the inequalities of the 
submarine surface, the thousand indentations of the shore, and the 
alternations of winds and currents. Though the cause of the move- 
ment be the SEune everywhere, we can still say that at no point of the 



Figa 32^34 — Irregularitiefl In the cuirea of the Tidal waves resulting firom the fonn of the 
sea* bod, projecting rocks, Ac (after Lubbook} 

sea do the ebb and flow present a perfect agreement in their progress. 
Each promontory, each islet, each rock is bathed by waters having a 
distinct rule in the propagation of their tides ; every obstacle which 
breaks the regular course of the oscillations modifies the whole of 
the graceful curves which bend around it. The above figures, 
borrowed from Lubbock, give an idea of these variations in the 
march of the waves. 

The difibrence which most strikes the minds of navigators and in- 
habitants of the coast is that of the height of the tides. In one 
part of the coast the tide hardly makes itself felt, even during the equi- 
noctial syzygies , while elsewhere every tide is a real deluge, spreading 
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as far as the eye can see over vast tracts^ which emerge again at the 
time of ebb. This astonishing contrast in the amplitude of the 
tides results from differences of speed in the progress of the oscilla- 
tions in the seas and bays of the coast-line. In fact, the great 
swelling caused by the heavenly bodies may be considered as formed 
of a great numW of successive waves occupying a considerable 
breadth on the surface of the sea. In the open ocean, aU these waves 
move with great speed ; but in proportion as they approach the shores, 
they slacken their movement, and consequently must gain in height 
what they lose in rapidity. From the mere sight of a tidal chart we 
can affirm that the tide will rise several feet high in all the gulfs 
where wo see the cotidal lines crowded together, in consequence 
of the gradual Retardation of the wave of intumescence. 

In this respect, facts fully confirm theory. The Gulfs of Bengal 
and Oman, the Chinese Sea, the indentations of the eastern coast of 
Patagonia, the Bay of Panama, that of Fundy, between New Bruns- 
wick and Nova Scotia, the Channel and the Irish Sea, are parts 
where the waves of equal intumescence follow each other very closely, 
and it is there too that a greater extent of coast is alternately 
covered and revealed by the tide. In the port of Panama the tides 
rise nearly 23 feet, concealing and discovering by turns an immense 
strand in their diurnal movements, while at hardly 37 miles distant 
on the other coast of the isthmus the ebb and flow are scarcely 
perceptible. 

In the Persinn Gulf and the Chinese Sea the amplitude of the 
equinoctial tide is nearly 36 feet at the extremity of the gulfs. In 
the mouth of the Severn and the French bay of Mount St. Michael 
tlie difference of height between the spring- tides and low- water is 
from 45 to 48 feet. To the south of the American Continent, in 
the Gulfs of San- Jorge and Santa Cruz, at the entrance of the Straits 
of Magellan, Fitzroy has measured tides of from 48 to nearly 66 feet 
high ; finally, in the Bay of Fundy, so well calculated, by the con- 
tour of its coast and the surface of its bed, to retard progressively the 
march of the tide, the difference between high and low water, which 
is about 9 feet at the entrance, gradually increases to nearly 69 
feet towards the extremity of the channel. This is probably the 
part of the coast where the regular oscillations of the waters are ac- 
complished in the grandest manner. Twice a day immense neutral 
shores, which are neither land nor sea, change into deep gulfs, and 
stranded ships rise and float with sails spread, whilst towns lost in the 
• Df Bouobepom, Fhilouphie NaturelU. 
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interior of the land find themselves seated on peninsulas invested by 
the sea. At St. John’s, New Brunswick, a cascade is seen to glisten 



I ig 35 — Ba\ of Fund> 


at the bottom of the port at low water ; but vlien the tide roaches 
the foot of the ( lilf, the height of the fall grudutill} diminishes, and 
it is at last entirely dro\\ nod in the salt w atcrs, Inch, siireading far 



Fig. 36 —Mouth of the Avon after Beardmoro 

over the upper terrace, permit vessels to penetrate into the natural 
basin form^ above the cascade. 
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Similar phenomena occur in the two hays of Mount St Michael 
and the Severn. There, too, rivers and rivulets are periodically 
changed into gulfs ; there, too, the hai hours are tidal ports, where 
ships, with the exception of those which are enclosed within the basins, 
lie on their sides in sand or muef at the time of low water. In the 
same way^the space extending between Noirmouticrs and the coast of 



DepUi mdio«ted m feet 


Fig S7 —Straits of Nolrmoaticn 

La Vendee is alternately an isthmus and a strait; a high road traversed 
by vehicles winds through the sandy plain between pools of water, 
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and a few^liours afterwards yessels with sails spread pass over the 
same route. Sailors are often seen walking quietly on the shore at a 
slight distance from their stranded vessel, or else digging in the ground 
in search of shells ; but let the distant rolling of the tide be heard, and 
in the space of a few seconds the crew is on board, preparations are 
made for a new embarkation, and the vessel, raised by the tide, sails 
rapidly over the sea. 

It is in the bay of St. Michael on the western coast of Europe 
that the rising tide presents the grandest spectacle, for in the centre 
of the bay rises a black granitic rock, “ abbey, cloister, fortress, 
and prison*' at the same time, which by its abrupt precipices and 
its '‘titanic pile, rock upon rock, century after century, but always 
dungeon over dungeon," contrasts with the dreary extent of the 
shore.* At low water, the immense sandy plain, above 150 square 
miles in extent, resembles a bed of ashes. But when the tide, swifter 
than a horse at full gallop, rises foaming over the scarcely perceptible 
slope, a few hours arc sufficient to transform the whole bay into a 
sheet of greyish water, penetrating far up the mouths of the rivers as 
far as the quays of Avranches and Pontorson. At the ebb, the waters 
retire with the same speed to nearly 6^ miles from the shore, and lay 
bare the great desert strand, wliich is intersected by the subterranean 
deltas of tributar}’' rivulets, forming here and thero'treacherous abysses 
of soft mud, into which travellers are in danger of sinking. At the 
time of spring- tides the liquid mass which penetrates into the bay 
is estimated at more than 1470 millions of cubic yards, and even at 
neap-tides the delude, which pours over the beach twice in the four- 
and- twenty hours, is not less than about 765 millions of cubic yards, t 
Is it astonishing that such torrents should have been able in former 
times, when driven by tempests, to break through the chain of sand- 
hills which protected the rocks of Tombelene and St. Michael on the 
north, and to transform into sterile wastes the beautiful country and 
vast forests whio]} extended to the foot of the peninsula of Cotentin P $ 

Beechey's observations of the tides of the Channel and the Irish 
Sea cause it to be regarded as certain that the enormous amplitude 
of the eb]^ and flow at the mouth of the Severn, and in the bays of 
Oancale and St. Malo, arise, not only from the gradual elevation of 
the bottom, but also from the superposition of two waves, which en- 
counter each other. In fact, the crest of the tide which penetrates 

* Miobelet, LaMer^ p, 18. 
t Marcbal, Annaln da FonUni ChauuSa, 1864. 

X Bee in ToL I. the feotion entitled, Thi $low OtctllattoHt of ih$ Land, 
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into the Irish Channel, meets at the end of the Qulf where the 
Severn discharges itself, another wave older by twelve hours, which 
has just made the entire circuit of Ireland. These two waves, 
united into one, take the common direction which results from their 
original impulsion, and flow together into the Gulf of the Severn. In 



the same manner, the tide which enters the Channel meets off Jersey 
with another wave, which has made the tour of the British Isles in 
twenty-four hours, and the two joining each other, dash their 
enormous liquid mass against the strand and rocks of Brittany. 

If two tides coming from opposite points, and meeting at the time 
of high tide, are thus combined in one, they, on the contrary, 
neutralize and suppress each other, when the ebb of the one crosses 
the flow of the other. A phenomenon of interference occurs then 
comparable to that of two luminous vibrations extinguishing each 
other. Fitzroy was the first who pointed out a region of the 
ocean where contrary tides maintain the surface of the water in 
equilibrium. This region is the estuary of La Plata. At sight of 
this gulf, which is no less than 150 miles at the entrance, one would 
be tempted to believe, that the amplitude of the ebb and flow would 
be as enormous there as in the Bay of Fundy or the Gulf of St. Malo. 
Bui, on the contrary, the tides there are scarcely anything. The 
strong oscillations of the level that have been observed in that 
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estuary, are due almost wholly to the regular breezes and the tem- 
pests, which depress the waves on one side and raise them on the other. 
Then, too, as the land winds generally predominate during the morn- 
ing, and are replaced in the evening by the sea-breezes, the ebb and 
flow, obedient to the alternating impulses of the atmosphere, suc- 
ceed each other every twelve hours ; the tide rises in the afternoon and 
falls the next morning.* This apparent anomaly is easily explained 
by the meeting of high and low water at the entrance of the estuary. 
The tidal waves which flow to the south on the Brazilian side, and to 
the north on the side of Patagonia, do not strike the coasts at the same 
instant daily. * They follow each other at an interval of several 
hours, and the lateral currents which diverge from them succeed one 
another at the mouth of the estuary of La Plata, so as to maintain the 
liquid mass at nearly the same level. At the moment when the ebb 
of the northern tide is about to occur, the southern flow takes 
place, the pressure of which, exercised in the contrarj'^ direction, 
prevents the waters from falling; then when a new^tide from the 
coasts of Brazil presents itself, the surface of the sea is already 
lowered in the southern latitudes. The swellings would intersect 
each other, and on the line of interference the water would be subject 
to no osK’illutions. 

It is probable that to causes of a similar kind we must at- 
tribute the formniion of those diurnal, and always very slight, tides 
which occur at the mouth of the Mississippi, on the coasts of New 
Ireland, at Port Dalr}Tnple in Tasmania, to the south of Australia, 
near King George’s Gulf, in the Gulf of Tonquin, in the Bay of 
Bahr-el-Benat, in the Persian Gulf, in the White ISca, and in many 
other parts of the ocean. These slow changes of level, the ebb and 
flow of which each lasts twelve hours, present, like ordinary tides, the 
greatest diversity in their phenomena, according to the direction of 
the winds and the currents, the respective positions of the sun and 
moon, and the parts of the sea where this equilibrium of the waters 
is established. On the moving surface of the ocean, all the undula- 
tions,* whatever may be their cause, are mixed and confounded, and in 
this ceaseless changing and mingling of the waves it is impossible 
to discern, without long and patient research, the part taken by 
each agent in disturbing the perfect repose of the sea-level. The 
problem can be solved in a general manner only, without taking 
account of details that have been as yet imperfectly observed. Thus, 
it is known, that in the port of Yera Crus, and on the neighbouring 
* Martin de Mousty, Cot^ddirution Jr^tine, t. i. p. 78. 
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coast, the winds have a marked preponderance, for they sometimes 
maintain the surface of the sea at the same level during whole days. 
At the mouths of the Mississippi, whore the daily tide has a ri&o 
of little more than 14 inches, it is not less regular in its pro- 
^ gross, and its total height each day represents exactly the difference 
of level between the two composing waves, wliich have crossed each 
other. Finally, the tide at Tahiti, nearly 12 inches high, is the re- 
sult of many more oscillations ; for four tides, coming from the four 
cardinal points, meet each other there, all differing in their speed 
and their liour of high water. It is not surprising that in the 
middle of this general intersection of the tides of the Pacific Ocean, 
,that of Tahiti is almost completely neutralized.* 

The Irish C^'hannel, so well studied by Beechey, presents a very 
curious examide of a perfect equilibrium of waters, and that almost 
opposite the Bristol Channel, where the sea rises and falls alter- 
nately above 48 feet. That part of the Channel whoso surface 
remains at rest borders on the Irish coast not far from the little 
town of Courtovvn, to the south of Aiklow. There, neither rise 
nor fall in the "waters has ever been observed, though the cur- 
lenls of the ebb and flow run along the coast alternately, with a 
speed of nearly miles per hour. The point where the waters are 
always in equilibrium may be considered as a kind of ‘‘ hinge ” on 
Avhich the tides turn. Their amplilude is greater and greater in 
proportion as they are distant from this tranquil regionfto the north- 
cast tow’ar(is Hoi} head and Lherpool, to the south-east towards Mil- 
f(yd Haven and llristol. In the North Sea, the meeting of high and 
low water, not fur from the Straits of Dover, is marked^ by another 
centre of equilibrium, >-vhich seems to oscillate bet’sveen the coasts of 
Holland .and those of England, according to the atmospheric and 
marine currents, and the movements of the heavenly bodies. In this 
place, Hewitt has ascertained thatithe tide rises two feet only ; and 
it is in this region wdiere the waters keep almost always at the same 
level, that the largest and most numerous sand-banks are deposited. 

It appears that the two tidal currents which meet near the Straits 
of Dover, the one coming directly from the Atlantic, the other 
from the Nor^ Sea, do not follow the centre of the Channel, and 
consequently do not encoimter each other directly. The rotation of 
the earth which in the northern hemisphere displaces aU moving 
bodies towards the right, causes each of the tidal waves to diverge 
in this direction. In the Channel the tidal wave, which is directly 

• Pitzroy, Adventttre and Appendix to Vol. II. p 290. 
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propagated, constantly leans towards the right, that is to say, towards 



PIff. 8fi.— Height of the Tides in St. Qeorgo*ii Channel. 

tho south ; its force is therefore much greater on the coasts of France 
than on those of England, and when it has passed the Straits, it keeps 
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its preponderance on tho coasts of the continent as far as the mouths 
of the Mouse ; tho tide coming from the north, on the other hand, 
deviates likewise to tho right and -flows along tho coasts of England. 
Tho crossing of these two contrary currents gives rise to numerous 







Fip. to.— Crossing of the swclllnffs of tlio tlihw in tin* ETii^lish rhaniipl and the North Sea, from the 
SciU.Y isloh to the mouth ol the Humber. 


gyratory movcmonla off the coasts of Franco and Great Britain, the 
incessantly changing curves of wliitdi form a veritable labyrinth.* 

Tn the roadstead of Havre the meeting of thetides results in a remark- 
able pb('nomenoTi, which is at the same time one of the most useful 
for navigation. Instt'ad of falling immediately after having attained 
its point of highest tide, the sea reinains steady for throe hours, and 
thus permits vessels to sail all over the road, and to ponetrato with 
case into the port, floating constantly over deep water. Tho seamen 
saw in this fact a sort of miracle, before its true cause had been re- 
vealed. When the tide from llic Atlantic rolls towards the east to 
the middle of tlie Channel, it is arrested in its course by the peninsula 
of Colentin, and can only advance freely to the north of the Gulf, to- 
wards tho mouth of the Seine. Tho marine level is thus more ele- 
vated at the centre than on its shores, and its w'atcrs are spread 
laterally towards the road of Havre and the other parts of the coast. 
At tho time of low water, when the ebb prevails in the centre of the 
Channel, the inclination is changed ; but before the waters of Ilavro 
can descend towards the central course of tlie Channel, which carries 
such an enormous mass of fluid to tlie ocean, they are kept back 
by the wave which, after having struck tho Cape of Antifor, flows 
along the shofos from north-east to south-west to the Capo of La 
n<ive. Then, when the force of this partial tide fails, another river- 
tide, which has followed the coast of Normandy from St. Vaost to 
Trouville, still maintains tho level, for a timo.t 

In almost all river ports, as wo can easily understand, tho ebb lasts 
longer than the flow, for the fluvial current neutralizes the tide during 

• Atmaks Het hmti et 1863, first week. f Baude, Sevue <U» Jkux Mond$i, 
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ing a shorter or longer period, and then adding to the ebb cannot 
hut augment its duration.* A fact more difficult to explain is that, 
whilst in the greater number of ports remote from any river’s * 
mouth, the rising tide is shorter than the falling, numerous instances 
of the opposite are to be seen ; and especially the port of Holyhead. 
According to the hypothesis generally adopted, this longer duration 
of ebb ought to bo attributed to the rotation of the earth in the direc-41^ 
tion of west to east. The tidal wave being propagated in the con- 
trary direction, that is to say, from east to west, would meet a 
certain resistance in the V'aters which are spread before it. It would 
rise up and become steeper and more raj)id towards the west ; while 
its other slope, tliat of the ebb, would lengthen itself towards the 
east. This will explain why the phase of the flow does not last so 
long as that of the ebb. 

The inequalities, which are observed in certain parts between two 
successive tides, are likewise a strange and, in some respects, unex- 
plained phenomenon. These various inequalities, now in the dura- 
tion, and now in the respective heights of the two tiaes of morning 
and evening; or which even allect every oscillation in its entire 
course ; arise in part from the declination of the moon, that is to say, 
from its varjdiig distance to the south or north of the equinoctial line. 
Hut in many eases the diflerences between two successive tides aro 
relatively enormous, and this explanation is not sufficient. Thus at 
Port Essington, on the northern coast of Australia, differences in 
height of nearly 4 feet between the oscillation of evening and morn- 
ing have been observed. At Singapore, where tlic mean tide during 
the time of liighest water is ncarl} 7 feet, the difl’erence between 
two succeeding tides is sometimes nearly 5 feet. At Kurraclicc tho 
daily variation is no less, and in the Gulf of Cambay it attains to 
nearly 7 feet. At Hassadore, at the entrance of tbo Persian Gulf, tlio 
duration of one oscillation of tho sea sometimes exceeds by two hours 
that which follows it ; and, finally, it has happened at Petropau- 
lowski, in the northern Pacdfic, that expected tides have never appeared 
at all. We can explain these singular anomalies only by the inter- 
section of several reflex weaves, diurnal and semidiurnal, which inter- 
fere with one another ; and the confused oscillations of wliich aro 
produced by the meeting of moving liquid masses of diverse origin. 
It is thus that on tho surface of a pond, the waves th$t have risen at 
different points form an immense network of intersecting lines, which 
the breeze mingles in undecided wavelets. 

• Soo below, p. 123. 
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' CHAPTER XIV. 

TIDAL CUmiENTS.— HACES AND WHIRLPOOLS. — TIDAL EDDIES.— RIVER TIDES. 

The popular belief is that the oscillations of the tides are always ac- 
companied by currents changing regularly with the ebb and ^ow, 
and tending alternately in one direction or the other. This is, it 
is true, a pretty frequent phenomenon, especially at the mouths of 
rivers. Usually when the water rises, a tidal current rushes at the 
same time towards the shore and into the estuaries of rivers ; then 
when the level of the liquid mass falls, a return or low- water current, 
swelled by the fresh water from inland, flows again towards the open 
sea. Nevertheless, this coincidence of the horizontal currents with the 
vertical oscillations of the ocean is far from being reproduced with 
regularity in all parts. The tide, being merely a swelling of the sea, 
can rise without the least movement occurring in one direction or the 
other. A remarkable example of this is seen in the Irish Sea, so rich 
in maritime phenomena. In the middle of the channel which separ- 
ates the Isle of Man from Ireland, the sheet of water keeps perfectly 
tranquil between the contrary currents, though the water at this 
place rises more than 18 feet during the spring tides. On the other 
hand, as one can see at Courtown, on the coast of Arklow, the cur- 
rent determined by the meeting of opposing tides can have a great 
speed where the surface of the sea neither rises nor falls.* Finally, 
the same wave can follow a constant direction across two contiguous 
regions of the sea, one of which is at ebb and the other at flow. 

The currents which occur in straits in consequence of differences of 
level, are sometimes extremely violent ; and by their abrupt changes, 
their eddies and whirlpools may bo classed among the most dangerous 
phenomena of the ocean. Thus the entrance to the Gulf of Normandy 
and the Channel Islands is rightly dreaded by navigators because 
of the terrible speed which the tidal currents attain there. Th^ 
Blanchard Race, a strait which separates the Gape of La Hogue from the 
island of Alderney, is the first of these terrible marine defiles where 

/ Seo above, 113. 
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the ebb and flow, restrained between chains of rocks and shallows, 
move at the time of high water with a speed of nearly 10 milp per 
hour. Then comes the strait which bears the significant name of 
"the Dferoute Passage, and in which the currents flowing along the 



Fig 41 —Course of the Tidt lii llie Irish Sea 

rugged western coast of Cotentin meet those which come directly 
from the open sea by the breach opened between the islands of 
Jersey and Guernsey ; there the marine rivers, loss rapid, are never- 
theless animated by a speed of nearly 10 feet per second.* Since the 
disaster of La Hogue, where Tourville, unable to sail against the for- 

• Mounier, Mimotre mr kt Qmrants de la Manehe, 
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mklablc current of Dl^inchardEacCjlost so many of his ships, how many 
vessels have been wrecked, how many crews have perished, in these 
terrible straits, wmeh Victor Hugo has chosen as the theatre for his 
gloomy drama of The Toilers of the Sea, 

The marine defiles which separate the British Isles from the con- 
tinent, and especially those of the Hebrides, the Orkney, the Shetland, 
Faroe, and Ijofoten Islands (whose rocks and shelving-banks con- 
fusedly stud a very uneven sea-bed, full of abysses), arc also traversed 
by alternate tidal currents all the more rapid and tumultuous, because 
of the diflerence of level between the two sheets of water, which 
moot in the strait. The most formidable of these passages is perhaps 
the Great Gulf, or “ Coirebhreacain,”* betwtien the islands of .Jura 
and Scarba, on the western coast of S(‘otland. At each cliange in the 
tide a current, flowing alternately towards the mainland and towards 
the open sea, is produced. The English Admiralty chart estimates its 
speed at liearly 11 miles per houi*, but sailors afllrm that it is at least 
nearly 12 ^ miles, that is to say, more rapid than the stream of any 
continental river. No vessel can venture, in strong tides, into such 
a terrible race; especially when the wind blows in the contrary 
direction to the tide, for the Goirebhreacain is then in its entire 
extent a foaming cauldron ** without any visible limits.f 

Other tidal conflicts are hardly less terrible ; such for example is 
that observed in the straits of the IVmtlaiid Firth, between Scotland 
and the Orkneys, and which ends in the formation of currents esti- 
mated at more than 10 miles per hour. But the most celebrated of 
tfll these encounters between two tides of different levels is the Moskoe- 
strom, towards the southerly extremity of the archipelago of the Lofo- 
ten Islands, called also by seamen the Maelstrom. The sombre imagin- 
ation of northern peoples, always tending to the creation of monsters, 
saw in the strait of the Moskoe-strom a poh^)e with arms several 
hundred yards in length, which caused the waters to whirl in an im- 
mense eddy, in order to draw ships into it and engulf them. From 
this ancient legend there has even remained with many the idea 
that this current is a sort of abyss in the form of a funnel, which 
floating objects approach by degrees, forming narrower and narrower 
circles, till they finally plunge for ever into this revolving well. But 
it is nothing of the sort. The only eddies are small lateral ones, pro- 
duced by the meeting of the currents, and hardly 2 or 3 yards deep. 
The principal phenomenon consists, as in the Coirobhreacain and 

* Gaolio, *' Cauldron of the spotted seas." 
t Aug. 26, 1664 ; MitiheUungen von Totormanuy t. ix. 1864. 
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the Blanchard Race, of a rapid movement of the waters tending al- 
ternately in one or tho other direction, at the time of the change of 
the tides. When in the open sea the flow rises in the (ifi*ectioii from south 
^0 north, a part of its mass spreads with force into the strait opening to 
the south, between the tv/o islands of Moskoe and Moskdo-naos. In 
proportion as the surface approaches a state of equilibrium, the cur- 
rent, gradually weakened, tends towards the south-west and then to 
the west. A period of culm follows those different movements of the 
waves, when the level is perfectly establislied ; but soon the ebb com- 
mences, and tends in an invei'so diroclion, at first towards the north, 
tlicn towards the north-cast and east. Thus in the space of one 
tide tlie waters are alternately carried, though with varying force, 
towards all the points of the compass. 

The tidal currents, which occur at the entrance to rivers, frequently 
give place to tumultuous movements less terrible, it is Iriu', than those 
of the races in archipelagos; but sometimes of an equally striking 
aspect. These phenomena arc known under the nam^ of the “ Lon*,'' 
harrOy ‘‘eager,” or ma^ravvt. 

In penetrating into the ^stuary of a river, the tidal wave, retarded 
by the sliallows and narrowed by its bsink^, must lu'cessurily swell 
because of the restriction of the liquid mass in its bed. All tbe inlets 
and bays into which the tide 2 )en(‘t rates present thus the spectacle of 
the ‘‘ boro ; ” but in many passages the regular inclination of the b(‘d, 
the uniformity of the shores, or else an inler.sf\*tioii oi* various currents, 
diminish the first undulation of the tidal wave, or peniiil it to be 
confused with other irregularities of ti*e surface. Elsewhere, on tlie 
contrary, all the topograjdiical conditions are found united to give a 
great lieiglit to tlic “bore,” and it then lises like a moving wall from 
one shore to the other of the estuary. At the moutlis of certain riv(UH, 
such as the Amazon, tlie Ilooghl}’’, the Seine, the Bordogno, the Elbe, 
and tho Weser, the waves of the “boro ” assume enormous projjor- 
tions at the time of liigh tides, and become formidable phenomena. 
In tho Amazon, the “ bore,” culled pororoca hccauso of tho roaring of 
its waters, rises, it is said, in three sucecssivc weaves, attaining 
together from 30 to 50 feet in height ; and vessels, surprised by this 
sudden flood, arc in great risk of capsizing as in tlie open sea. 

At tho mouth of the Ganges the “ bore ” is also very formidublo. 
As the old Hindoo legend says, in symbolic language, Bagharata 
having taken tho divine Ganga as his spouse in the midst of snowsi 
raised her in his arms, and, mounting liis chariot, traced with its two 
large wheels tho banks of the wide bed of tho goddess. But when 
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they arrived at the sea-shore Ganga recoiled with affiight before the 
impure and monstrous oooan; she fled abruptly by a thousand channels, 
and since that epoch she comes and goes by turns, now venturing to 
descend, and now fleeing again towards the mountains, twice a day.* 
It is ill the bay of the Seine that the mascarct^ or “ eager,’’ has been 
most regularly and carefully observed. Flowing from the open sea 
with a speed of from 15 to 20 feet per second, the liquid wall 
remains curved towards the centre, under the pressure of the fluvial 
current. The two points of the enormous crescent break in foam on 
tlie shores ; while in the middle of the concavity, the even, rounded 
wa\c advance's witliout even rippling the water before it. It seems 
to turn on the liver like a gigantic serpent; rising from 6 J to 10 
fi'ct above the liquid plain ; whilst behind it rise waves or (Heitlcs in 
concciitiic undulations quite as high, the advanced guard of the 
tidal ina&s. All the obstacles placed in the way of the mascarct 



Fig 42 — ProHlc of a tidal wave observed in tbo bay of the Seine (after M Portiot). 


irritate it by increasing its impetus ; at length the tide, entering a 



i ig 43 —Height of tlio “uiascarct” or tidal wave observed between Oaudebeo and Meillcraye 

(after M. Partiut) 


wider and deeper part of the bed, gradually calms and moderates its 
height till it meets with another shallow or promontory. Moreover, 
each tide- wave is distinguished from the preceding by reason of the 
diflerence of winds, currents, and the masses of water put in motion. 
There is nothing more curious than to seo, from the height of a pro- 
montory, two waves repelled obliquely by the banks crossing their 
furrows, and their iteulcB. 

The sole means of diminishing the force of the mancaretf which in 
several estuaries, and especially in the bay of the Seine, is some- 
times dangerous to small vessels, is to regulate the channel by deep- 
ening tlie shallows and straightening the banks. The works^ 
* Carl Bitter ; Von Hoflf, Vwtmdirungm i$r Erdohtrjtofihe^ t i. p. 378. 
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which insure a freer and deeper channel for navigation, are those 
which prevent the injuries caused by the great violence of the 



Tn; 44 —Plan of the " mascarct ' or tid il h a\ < observ < d iii the narrov h of the Sluk aflrr M Pai ti >1 

tidal The uunscaret of the Seine disappeared reeeiilly for 

some years, o>mig to the eknation of ii bank of sand like a dike 
which pievenied tlic cntraiiee of the tide into the bod of tlie riAor. 
The encounter of the )Jiasca)(f and the llinial eurreui hu\e again 



Fig 46.— Plan of two tidal waves orosslng each other’s course on the hanks of the bay of the Seine 

(after M. Partiut/ 

raised this bank of sand at a little distance. On striking against this 
new obstacle, the tidal wave rises up to surmount it. Different 
hydraulic works, undertaken in the bods of the Garonne and the 
Dordogne above the Bec-d’Ambez, have also often modified the 
phenomena of the maacaret there. 

The sudden appearance of the tide in estuaries raises the fluvial 
waters veiy rapidly from the level of low to that of high water. At 
* Partiot, Amtaki dtt l^mt$ ti Chauttitt^ t. i. 1861. 
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Tancarville, which is the precise spot where the Seine discharges 
itself into the bay, and where the tide exceeds a mean amplitude of 
about 13 feet, the entire rising of the waters is accomplished in two 
hours, while the fall of the liquid mass, driven back by the tide, 
occupies about 10 hours. The river having to discharge during the 
period of ebb not only that which the flow had brought to it, but also 
the fresh waters from higher up, must follow its normal course 
towards the sea during n space of time longer than that in which it 
is diivcn back by the rising tide. For each point of the river-bed 
the duration of the flow is generally the shorter the farther that 
point is from the sea : the force of the tide is gradually exhausted, 
and towards the end of its course it only momentarily retards the 
speed of the fluvial current. 

The amplitude of the tides diminishes, likewise, in proportion to 
their progress up the stream in ri\crs. The mass of fresh water 



tia— Tides of the Garonne. 


flowing incessantly channel prevents the low tide from 

sinking, as it does on'ltke sea-shore; and as to the high tide, its 
shorter duration does not allow it to rise to a much higher level than 
that which it attains on the strands and cliffs by the ocean. Thus, 
in the Garonne, the difibrence between the ebb and flow diminishes 
gradually above the Boc-d’Ambez, and near Castets, at about 95 
miles from the sea, it is finally reduced to zero. In certain places, 
it is true, particular circumstances may cause apparent exceptions to 
this general law ; a promontory rising before the tidal wave like that 
of Tancarville in the bay of the Seine, bars the way to the marine 
waters, and gives them in consequence a greater relative height above 
low water. But in spite of these abrupt projections, the mean ampli- 
tude of the tide diminishes from the lower to the upper course, and 
finally it becomes imperceptible. 
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CHAPTER XV. 

EDIJ AND FLOW IN LAKES AND INLAND SEAS. — CURRENTS OF THE EUKIPUS. — 
BCYLLA AND CHARYRDIS. 

The attraction of the sun and moon act no less on enclosed seas 
than on the great ocean ; but in basins of small extent, the tide has 
not the nccessarj’^ space to rise, and develop itself in an appreciable 
manner. Lake Michigan, which, although not loss than 50,000 
square miles in extent, is the smallest surface wo are aetjuaintod with 
where the regular return of the ebb and flow have been established 
with precision; the amplitude of the tide there, is, according to 
Lieut. Graham, less than 3 inches. Still, it is undoubted that the 
smaller lake-basins also experience normal oscillations every 12 
hours ; measures carefully made will probably reveal them one day. 

Even in the vast ifediterranean the tides arc very little peroeiv’^ed, 
excepting in the Gidfs of Syrtes, between the ancient Pentapolis and 
Tunis. In this part the idicnoraenon of the ebb and fl#w occurs 
with the greatest regularity, and one can study its progress as in the 
ocean. At the mouth of Oued-Gubes, almost at the end of the 
lesser Syrtes, the water alternately rises and falls at least GJ feet. 
More to the north, in the port of Sfax, the average diflerenco be- 
tween high and low water is about 5 feet, but at the epoch of the 
equinoxes this difference attains to nearly 8 feet. Finally, at the Island 
of Djorbah, the ancient island of the Lotophagi, the mean amplitude 
of the tide is not less than 9 feet 10 inches.* This remarkable 
height of the tide on the shores of the Syrtes doubtless arises from 
the Mediterranean presenting in its southern part, from Port Said 
to Ceuta, a single basin, with a slightly sinuous bank, while on the 
coast of Europe it is divided into a number of smaller seas, those of 
SardimOy the Adriatic Gulf, the Ionian Sea, and the Archipelago. 
Besides^ the winds being much more regular on the African coast, the 
alternate play of the tides is not disturbed there, as on the coasts of 
Europe, which belong to the zone of variable winds. 

* Victor Quorin, Voyage Arehvologique en I^ieie, t. lit 
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However, an attentive examination of the movement of the waves 
has equally revealed to observers the existence of the tidal wave in 
the partial basins of the northern shores of the Mediterranean. 
Beyond Malaga, where the tides of the Atlantic are still propagated, 
the level of the sea hardly changes : but on the coasts of Italy the 
oscillations begin to be perceptible again. At Leghorn, the tide 
rises less than 12 inches ; at Venice, the difference between the high 
and low waters varies from 1 to 3 feet.* At the mouths of the Po 
the tide does not attain the same height. On the coasts of Zante, 
in the Ionian Sea, it is less than G inches ; finally, at Corfu, it does 
not exceed an iuch.f In the Oriental basin of the Mediterranean, 
the tide is likewise very sliglit ; ncvcrtholess, the alternate oscillation 
of the sea is not ignored by the people living on the shores. Omar 
spoke doubtless of the tide when he said, ^ The sea stands very high, 
and day and night it entreats the permission of God to inundate 
the hind.^ 

Not only has the Mediterranean its ebb and flow like tho ocean, 
but it has also its currents and eddies, and among these phe- 
nomena, there are some which, without being as formidable as tho 
Mobkoestrom or IManchard Pace, arc not less celebrated, because 
of the glory will] hich classical antiquity has invested them. Thus, 
the ]iuii 2 )us, or Strait of Egripos, which, separates tho Island of 
Kegropont from continental Greece, is said to bo traversed by extra- 
ordinary currents, which produce with regularity their surprising 
jflicnomcna. Up to the eighth day of the lunar month, the ebb and 
flow, whose mean amplitude is less than a foot, follow one another in 
a normal manner, only with one hour’s delay ; but from the ninth to 
tlie thirteenth day the movement of oscillation is suddenly hast- 
ened, and during the 24 hours no less than 12, 13, or 14 tides 
may bo counted, each one having its flow, its period of stability, and 
its ebb. From tho fourteenth to the twentieth day, a normal state 
of things prevails ; then from the twenty-first to the twenty-sixth, 
every day will again be marked by a series of a dozen high and 
low tides. Such is tho result of tho experiences of the millers, who 
see the wheels of their mills turn alternately one way and the other, 
according to tho direction of the current. J On their side, the Mus- 
Bulmans maintain, as an article of faith, that the five waves of the 

* O. Collegno, Otohgia delT Itaiia, p. 280. 
t Von HofT, Verandtrungm itr SrdoberJIach, e, t. iii. p. 256. 
t Berghaiu Ton Elodon, Emidlmeh der Erdkwide, 
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Euripus regularly follow tho five hours of prayer finally, the rapid 
observations of several travellers describe in still another manner the 
oscillations of the sea in tho narrow channel. The fact is, that the 
currents of the Strait of Negropont are unexplained, and if they ^ 
succeed one another in as strange a manner as the inhabitants of 
those shores aflBrm, one would really comprehend the legend, accord- 
ing to which Aristotle, after having vainly sought to divine tho 
mystor}", plunged in despair into the whirlpools of the Eurijms. 

Still more famous than the currents of the Strait of Euhnea were 
the abysses of Soylla and Charj'bdis, braved for the first time by the 
wise Ulysses. According to the Jlomerh* chants, the two howling 
monsters which guarded the onfrance to the Straits of Messina, drew 
into their submarine caverns immense whirlpools of water, which 
they afterwards discharged in furious currents, and all the ships 
which approached those formidable envorns were inevitably en- 
gulfed. At present there are no straits in tho MediterraiK'an more 
frequented than those of Messina, and owing to tjie soundings 
effected in these pretended abysses where the ancients saw the navel 
of the sea, the monsters have lost their terrible prestige. It is now 
known that the whirlpools of Charybdis and Sc'ylla are nothing else 



Fig 47 — Profllc of tlio Straits of Sfossina. 



than lateral movements produced by the ebb and flow, in tbeir 
passage through a too narrow channel, whoso width is hardly 
2 miles, and which tho conquerors of Sicily have more than 
once crossed by swimming on their horses. At the time of the 
rising tide the current tends to the north from the Ionian to the 
Tyrrhenian sea ; at the fall of the tide, the stream coming from the 
north assumos the preponderance, atfd drives the contrary current 
towards the south. f But there is a strife between the two liquid 


• Natur^ t. viii., 1 S 64 . 

t Spallanzaoi ; von Hoff; Smyth. 
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masses, and the field of battle moves incessantly from Messina to 
Scylla. On the confines of the currents, where the mingling of the 
waters is effected with violence, narrow eddies are formed, where 
the waves are more agitated than elsewhere ; these are the ‘ eyelets,’ 
or garofali. Ships avoid them, for fear of being too violently shaken ; 
but they run no danger unless the wind blows strongly in a contrary 
direction to the tide. The strait is a curious spectacle, seen from the 
height of the mountains of Messina or Keggio, with the undulations 
and eddies that the conflicting waters describe ; every instant sheets 
of water of a darker tint than those of the surface are seen to change 
their form, indicating the ebb and flow. 

In the other enclosed seas of Europe the tides are likewise little felt. 
Tlioy ar(' loss than 1(5 inches on an average in the Zuyderzoe, and 
during the days of the equinox or of tempests they hardly attain 3 
foot G inches. The Baltic, wdiich is much narrower and more strewn 
with islands than the* Mediterranean’, is subject in consequence to 
much slighter oscillations ; it was even called in former times 
monmarum (uior y marh)y that is to say, in Celtic language, ** Dead 
Sea.”* The sailors pay no attention to the variations of the surface 
produced by tlie ebb and flow ; for them the winds, the currents, and 
the m(*teorology of the atmosphere arc the only phenomena which 
they have to observe. In fact, on the western coast of Jutland, tho 
tide is on an average h's.s than 12 in(;hes, at the entrance to the Catte- 
gat it loses still more in force and regularity, and in the straits of 
the Sound and tho two Belts it is difficult to recognize. In tho 
harbour of Copenhagen an oscillation of about 1 or 2 inches can still 
be sometimes distinguished, but only when the weather is perfectly 
calm and tho surface of the water hardly rippled. At Wismar the 
phenomena of the tide arc still more uncertain, and it is' only by a 
scrios of observations on the surface of the waters pursued during 
several years, that the probable existence of a total variation of little 
more than 3 inches between high and low water can be ascertained. 
Near Stralsund the difference is only 1^ inch, and near Memel it 
hardly exceeds an inch. The much more considerable variations 
which occur in tho level of tho sea arise from tho winds, the cur- 
rents, or the pressure of the atmosphere. Rapid oscillations of 
nearly 3 feet have been soi^times seen to occur ; but these are 
the seiches, similar to those ofthe lake of Qenoa.f The force of the 
winds alone is sometimes sufficient to lower by little more than 3 feet 

* Von Moaok, OeiiBchrift fur die Erdkunde, 1860. 
t Sec in Vol. I. the chapter entitled, Lakte, 
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the level of the sea in eortain straits, as well as in the gulfs of 
Esthonia and Finland* 

The laws of the phenomena of the mouths of rivers differ entirely 
in the seas with strong tides, as the northern Atlantic, and in those ^ 
with insensible oscillations, like the Baltic and the Mediterranean. 
In the estuaries where the sea rises regularly twice a day to a great 
height, it passes over every obstacle, bars, or sand-banks accumulated 
at the entrance to the mouths of rivers ; while in those jdaccs whore 
the level of the sea remains always the same, the dikes of mud or 
sand deposited parallel to the coasts between the fresh and salt 
waters, always close the entrance to the river. Thus the Rio Mag- 
dalena, and the Arato, in the Antilles ; the Rhouo, the Po, and the 
Nile in the Mediterranean, spread their licpiid mass over bars which 
are often hardly a yard at the lowest part;t while the river of 
the Amazons, the St. Lawrence, the Gironde, and the Thames, allow 
free passage to ships at all hours. 

This diversity of fluvial laws, according to the height of the 
oscillations of the tide, has the most important consctjUdices for 
the commerce of regions watered by great livers. In gi'iieral 
the ports of the rivers witliout tide cannot be establislied at the 
mouth itself, because of the want of water, and merchants are obliged 
to choose a locality situated on the sca-coost at a certain distance 
from the sandy mouths of tlie river for their emporiums. Thus 
Marseilles, where almost all the commerce of the groat basin of the 
Rhone is tnlnsacted, is constructed on llic shores of a deep bay of 
the Mediterranean, far from the peninsulas of mud between which 
the river discharges itself. Alexandria, the great port of the Egyp- 
tian delta, lies to the west of the alluvial delta of the K ile ; Venice 
is far from the mouths of the Po ; Legliorn protects its port from 
the approach of the Arno ; Barcelona is not at the entrance to the 
Ebro ; and Carthagena in the 'West Indies and Santa Maria are only 
in communication wdth Ac great Magdalena by means of hardly 
Wvigablo canals. The exceptions to this rule are not very numer- 
ons, still wo may cite Dantzig on the Vistula, Stettin on the Oder, and 
Galatz on the Danube.^ 

In seas with high tides the principal ports are found, on "the con- 
trary, not on the maritime coast-lin^ but on the rivers, and even 
at a certain distance from the moutn^ not far from the place where 

* Yon Sou, Bulhiin deFAcad^mie de St. l^truhourg^ t. Tiii. 6. 
t St« in Vol. I. tho chapter entitled, liivern, 

X Ernest Desjardins, de Vemhwtchure du Jthone. 
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the tide rises twice a day^ thus changing th^ river into a true mari- 
time gulf. London, Hamburg, Nantes, Bordeaux, Rouen, and many 
other great commercial cities, have been gradually built, in conse- 
quence of the necessities of commerce ; as far as possible inland at 
the precise spot where the depth of water and the force of the tide 
allow ships to approach easily. Nevertheless, since the ships of the 
present day draw much more water than those of our ancestors, the 
result is that a number of ports on rivers have become insufficient. 
It is thus that Rouen has been gradually replaced by Havre as the 
port for international commerce. Thus Nantes, too, has seen in these 
days a rival city grow up in the village of Kt Nazaire, so modest 
but a few years ago. .^Perhaps the hamlet of Verdon, provided sooner 
or later with docks, basins, and jetties, will become liltewise the real 
commercial Bordeaux. 



130 


THE OCEAN. 


BOOK IV.— THE SHORES AND ISLANDS. 


CHAPTER XVI. 


IM'ESaVNT TklOlHriCATIONa OF THE COAST-LINE. — THE FJORDS OP SCANDINAVIA AND 
OTHER COUNTBiCh NEAR THE POLES. 

The rch, every wav(» of wliicli contains perlinps thousands of liviiij^ 
organisms, scums itself to be animated by a vast and mighty life. 
Evcr-cbaiigiiig hues, daik as fog or hrilliaiit as the ann, pass over its 
immeiibc extent, its sniface rijijdcs in long undulations, or rises in 
bristling waves; its sliores are touched witli a border of foam, or 
disa])])ear under the wliite mass of breaking surf. Sometimes it 
breathes a scarcely audible murmur, and again it combines in very 
thunder the roarings of all its waves dashed and broken by tlie 
tempest. By turns it is smiling and terrible, gracious and formidable. 
Its aspect fa‘<cinutes us ; and ns we walk along its sliores, it is im- 
possible to avoid contemplating and interrogating it ceaselessly. 
Ever moving, it symbolizes life, in distinction to the silent and passive 
earth which it assaults with its waves. And besides, is it not always 
untiringly at work to modify the contour of llie continents, after hav- 
ing once formed them layer by layer in the depth of its waters P 
The most important part of the geological labours of the ocean is 
hidden from our eyes for it is at the bottom of its abysses that the 
sea deposits the silica, limestone, chalk, and conglomerates of every 
kind which will one day constitute new lands. But at least we can 
witness the continual modificatioiis to which the incessant movement 
of the sea subjects the shores. These modifications arc consider- 
able, and during the historical ages a number of coasts have already 
completely* changed their form and aspect. Promontories have been 
razed, while at other parts points have advanced into the waves ; 
islands have been transformed into reefs ; others have been entirely 
swallowed up ; others again joined to the mainland. The sinuous 
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line of the shore has not ceased to oscillate, encroaching here on the 
waters of the ocean, and there on the continental surface. The 
action of the sea is double : it is constantly rc-touching the contours 
of its basin, either by wearing away the rocks that border it and 
carrying away tlio strand, or by casting up on its coast the alluvium 
and wreck of every kind that it tosses in its waves. All that it en- 
gulfs on one side it gives back elsewhere under another form. 

Before the sea had modified its shores by destroying peninsulas 
and filling up bays and estuaries, the form of the coast was cer- 
tainly much less regular than it is now in the outline of most countries. 
If the marine waters were raised by a sudden revolution to 100 or 200 
yards above their present level, the ocean, inundating all the river 
valleys to a very great distance from the present shores, would sud- 
denly enter in elongated gulfs into the depressions of the continent, 
and change all the valleys and lateral gorges into bays. In the place 
of each of those river-mouths which hardly indent the normal line of 
the coast, deep hollows would be opened, dividing into numberless 
ramifications. But a work in the opposite direction will instantly be 
commenced when this change in the outline of the shores is accom- 
plished. On the one side, the waler-c'ourses, bringing down their 
alluvium, will gradually fill the upper valleys, and little by little 
restrict the domain of the maritime conquests. On the other side, 
the ocean will also labour by its dunes along the coast, its banks of 
sand or shingle, to take away from its surface all those new bays that 
the sudden increase of its waters had given it. After an indefinite 
lapse of centuries, the shore would finally re -assume the gently un- 
dulated form that the greater number of coasts now present. 

There are still many countries where this double work of the sea 
and the continental waters has hardly commenced. Those lands 
whose coast-line, thus preserving its first form, is still deeply in- 
dented, are all situated at a great distance from the equator, in the 
neighbourhood of the Polar zone. In Europe, the western coasts of 
Scandinavia, from the promontory of Lindesnaes to the North Cape, 
are jagged by a series of those fjords,^ or ramified gulfs, and not 
only the shorcr of the continent, but all those islands also which form 
a sort of chain parallel to the Norwegian plateau, are fringed with 
peninsulas and cut into by small fjords, winding in immense passages. 
Among these indentations, which increase the length of the coast ten- 
fold, and give to the coast-line a border of innumerable peninsulas, 
more or less parallel, some are pretty uniform in aspect, and resemble 
• Called in SootlSld, ^rthi. 
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enormous trenches, hollowed out in the thickness of the continent ; 
others are divided into several lateral fjords, which make the inland 
waters an almost inextricable labyrinth of channels, straits, and 
bays. The -total development of the coasts is so much increased by 
these indentations, that the western shore of the peninsula, whose 
length in a straight line is about 1180 miles, is increased to above 
8000 miles by the bends and turnings of the shore, which is more 
than the distance from Paris to Japan. 

The plateaux of Scandinavia, terminating abruptly above the North 
Sea, the slopes which command the sombre defiles of the fjords, are 
almost always very steep ; there are some which rise in perpendicular 
or even overhanging walls, serving as a pedestal to high mountains. 
It is thus that the Thorsnuten, situated to the south of Bergen, on 
the shores of the Harfianger Ijjord, attains an elevation of above 
5250 feet at less than miles from the shore. In many a bay of 
western Norway cascades are seen to leap from the top of the cliff, 
and precipitate themselves in one jet into the sea, so that vessels can 
glide between the walls of the rocks and the paraWa of tlie roaring 
cataracts. Below the M'ater the e8carj)cnieuts are continued also in 
most of the gulfs, so that in certain defiles of rocks, whoso breadth 
from cliff to cliff ib only trora 300 to 000 feel, the lead must bo 







Fig. 4B.~I^tef}ord, Norwty. 

thrown to a depth of from 272 to 327 fathoms before touebing the 
rocky bottom.* In the Toilers of the Sea Victor Hugo correctly cites 
the LyseQord as most fearful to contemplate among its gloomy ap- 

* Berghstifl, Wai pon itr Erdp p. 280. 
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proaches, many of which are for over deprived of a ray of sun by the 
liigh walls of rock which enclose them. Tins enormous cutting, of an 
almost perfect regularity, penetrates above 26 miles into the interior of 
the continent, though in several places it hardly exceeds 1965 feet 
in breadth ; its walls rise from 3270 to 3600 feet in height, and 
near the edge the load only touches the ground at about 220 fathoms.* 
Doubtless the first seaman who sailed o\cr the dark, tranquil waters 



Fig 49 —Fjords of Greenland 

of this abyss must have advanced with a sort of horror, asking at 
each new turn of the approach, whether he was not going to see 
some terrible god rise before him. Even now it is not without a 

• Vibe, Kuiten tmd Mkr Korwpsfmtf Mt(thUu$9^0n vot$ J^termann, 1860. 
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shudder that one penetrates into this gloomy defile, where the 
ancients would doubtless have seen the entrance to the infernal re- 
gions. 

The islands of Sj>itzbergen, Faroe, and Shetland present also in 
their outline hundreds of fjords, like those of Scandinavia. The 
coasts of Iceland, Labrador, and western Greenland, those of the 
islands of the Polar Archipelago, and finally the American coast-line 
of the Pacific, fiom the long peninsula of Alaska to the labyrinth of 
Vancouver’s Islands, are no less lich in indentations than the coast- 
line of Norway. The shores of Scotland are deeply cut in the 
same way, but only on the western side, where there are besides 
numerous islands reproducing in miniature the maze of promontories 
and bays of the mainland. That part of Ireland turned towards the open 
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sea develops itself iho into a succession of rocky peninsulas, separated 
by narrow gulfs ; but to the south and east the coasts of the British 
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Islands are much less varied in fonn, and sweep in loni:^ regul.ir 
curves. In France we hardly find a vestige of indentations like 
those of the Norwegian fjoids, except at the extremity of RriUany ; 
and there docs not even exist a word in the language to designate 
them. In Spain, in the same wa^, the part of the peninsula turned 
towards the north-west, and whCTO the ports of Ferrol and Coruna 



Fig 61 -r Fjords of South Auk nca. 

open, is the only one which presents some lines of fjords half filled 
up. Two countries on the borders of the Mediteiranean have their 
coasts also cut into fjoids, partially obliterated by alluvium ; these are 
Asia Minor and Dalmatia, whose high mountains, formcily covered 
with glaciers, overlook narrow bays with fantastic outlines like the 
mouths of Cattaro ; but along these two shores the peninsulas of the 
coost-lino are still uniformly turned towards the w'cst. 
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To the south of the Adriatic and the Archipelago on the coast-line 
of warm or torrid countries no more fjords are seen. To find a 
similar formation of shores we must traverse the entire continent of 
America to its southern extremity. The fjords only commence be- 
yond the uniform coast-line of Ohili, with the Island of Chiloe, its 
numerous bays, and the network^ of straits in the Archipelago of 
Magellan and Terra del Fiiego. This is the only region in the 
southern hemisphere where the astonishing phenomenon of tortuous 
and deep valleys filled by the waters of the sea is witnessed. As to 
the countries of the Antarctic continent, no indentations can be re- 
cognized in them, since the contours of the bays and capes, the 
gulfs and peninsulas, are all filled by the snouts of glaciers and by 
continuous ice-fields. 
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OHAPTER XVII. 

FILLING rP OF THE FJORDS BY MARINE AND PLUVIAL ALLI^VIUM. 

Tjie comparative study of all the shores leads thus to the confirmation 
of this fact, that fjords are only met with on the coasts of cold 
countries, and that, with equality of temperature, they arc much more 
numerous and better developed on the western coasts, than on those 
turned to tlie east. Why does this strange geographical contrast 
occur betw^een the various sliores according to the position which 
they occupy to the north or south, to the west or east ? Why have 
the strands and even the cliffs, bathed by a warm or temperate atmo- 
sphere, assumed in the outline of their curves such a great regidarity, 
wdiile the valleys, opened in the thickness of the plateaux of Scandi- 
navia, Greenland, and Patagonia, have preserved their primitive form? 
A cause whose effects are produced at the same time and in the same 
manner at the tw^o extremities of the continents, in the northern 
islands of America and Eiiroj^o and in the IMagellanic Isles, must 
necessarily have been a great geological phenomenon, acting during 
an entire age of our planet. 

This phenomenon was the siiecial climate vrhich during the glacial 
period made itself felt on the surface of the globe, and transformed 
the mountain snows into long rivers of ice. The map speaks for itself, 
BO to say ; it relates clearly how the f jords, those ancient indentations 
of the coast-line, have been maintained in their primitive state by the 
prolonged sojourn of glaciers.* In fact, the cold period, the un- 
equivocal witnesses or w^hich arc still to be seen even in the tropics 
and under the equator, at the foot of the Andes and in the valley of 
the Amazon, naturally lasted longer in the vicinity of the polos than 
under the torrid zone and in the temperate regions. This glacial 
period, which tenninated perhaps thousands of centuries .ago on the 
burning shores of Brazil and Columbia, has ceased at a relatively 
recent epoch on the coasts of France and England. At an age still 

♦ See i& Vol. 1. the chapter entitled, Show and Olaeien — Oscar Toschel, Ausland^ 1866. 
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nearer our liistorical time the fjords of Scandinavia have been in 
their turn freed from the glaciers that filled thorn, whilst quite in the 
extreme north and in the Antarctic regions there are countries where 
the rivers of ice still descend into the sea, and stretch far into the 
gulfs. The glacier of the Bay of Magdalene, which Messrs Martins 
and Bravais have explored, projects far into a fjord which is 55 
fathoms deep, and the terminal clifi* of ice, driven out by the weight 
of the upper snows, presents a curved line, turning its convexity 
towards the open sea. On still colder coasts, such ns the north 
of Greenland, and at the South Bole, the outline of the Antarctic 
countries, even the bays are entirely filled up with ice, and this run- 
ning into the sea gives a regular outline to the whole coast. The 
waves of the o^xjn sea dash against a long wall of crystal, and the 
icy layers disguise the true form of the ardiiteeture of the con- 
tinents, as the fluvial alluvium and marine sandbanks do in other 
climates. Nevertheless deep valley's, hidden by the iee-ficlds, are also 
cut into the line of these Tolar coasts loo, and in a future geological 
period, when the ice shall liavc disappeared, these incisions of the 
eoutinont will become in their turn fjords, similar to those of Scan- 
dinavia. 

At the epoch wlien the bays of Scandinavia wen' filled with ice as 
those of northern Gre<»nland are in our da}'s, tli(*y i)reserved Ilu ir 
primitive form, excepting that the lateral walls and the rocks at the 
bottom were grooved and jiolished by the frieticui of the mass in move- 
ment and the fragments wliieh it earned >mI1i it. The blocks of 
stone fallen on the snow, and on the hiirfiec of the glacier, the heaps 
of pebbles and earth torn by storms and thaws from the sides of the 
mountain, formed moraines exactly similar to those which arc now 
seen on the diminished glaciers of the Scandinavian mountains. But 
these moraines, instead of crumbling away with the ice, in some 
valleys thousands of feet above the sea, were carried to the very mouths 
of the fjords in the open sea, and ]jliiiiged into the middle of the waves 
with the pieces detached from the glacier itself. The succossivo 
debris of rocks and pebbles must necessarily gradually raise the 
frontal liubraariue moraine, and in fact at the entrance of all the 
Scandinavian fjords, heaps of dejwsit are found rising like ramparts 
out of the deep water. The seamen of Norway give the name of “ sea 
gates ” to these natural iKirricadcs, which serve as limit to the ancient 
glaciers, and where the fish from the neighbouring waters assemble in 
myriads. Off the coasts of western iScotlaiid, as at the entiance to the 
small gulfs of Finistcrrc, the ridges of submarine banks and reefs are 
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observed, wliich are probably nothing else than ancient terminal 
glacial moraines. 

After the period which preceded the present era, the glaciers of 
Scandinavia retreated little by little into the interior of the fjords, 
then ceased to touch the level of the sea, and their lower e:^tremity 
mounted higher and higher in the open valleys on the sides of tlie 
mountains. It was then that the immense geological labour of fill- 
ing up the bays commenced for the torrents and the sea. The fluvial 
waters brought their alluvium, and deposited it as an even strand at 
the foot of the mountains, while the sea levelled with sheets of sand 
or mud all the fragments of rocks which it had worn away by its 
waves. Already in a great number of Norwegian fjords this work 
of transforming the domain of the waters into firm land has made 
very sensible progress, and if we knew the amount per century of the 
augmentation to the shores, we should be able to calculate approxi- 
mately the epoch at which the valley was free from ice. On the 
inclined eastern side, towards the open country of Sweden, an analo- 
gous work is accomplished ; there, the glaciers have be^n replaced, 
not by the waves of the sea, but by the lacustrine waters divided 
into different basins, and these waters also retreat gradually before 
Jhe alluvium of the torrents. In the same way, in the great chain 
of the Swiss Alps, several deep depressions, formerly the beds of im- 
mense glaciers, have become a sort of continental fjord, such as the 
lakes of Maggiorc, Iseo, Lugano, Como, and Garda.* These lacus- 
trine basins are closed at the south by large moraines, like the sea- 
gates of Norway, and their waters, like those of the fjords, are gra- 
dually displaced by the alluvium brought down by Alpine torrents. 

Situated more to the south than the fjords of Scandinavia, and 
nearer the source of the warm current flowing from the Antilles, 
the western bays of Scotland must have been free from ice long 
before the coasts of Norway, and it was still earlier that the indent- 
ations of the coast-linos of Ireland and Brittany ceased to servo as 
beds to the solidified snows of the surrounding mountains. As to 
the shores of the British Islands turned to the east towards the 
North Sea, they have certainly long been freed from ice, for then as 
now the winds from the west and south-west prevailed in Europe, 
and carried the rains over the slopes of the mountains inclined to- 
wards the Atlantic ; on the opposite slope the glaciers are sooner 
melted, because of the want of the necessary moisture. This is the 
reason ofMhe striking contrast presented in the British Isles and 
* Oioar Fesohel, Ausland, 1866 . 
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Iceland by the western coasts all cut into deep bays, and the eastern 
shores whose fjords are loss deep, or even completely obliterated by 


6 7 B 



Fig 62 — \iicitnt Fjords N«>rtlu t ii Itah 

allu\ium. In the same wa}’’, at the south of America, the rains 
being much more abundant on the west cm slope of the mountains 
of Patagonia, the glaciers ha\e descended much lower into the 'val- 
leys, and the fjords, preserved by the ice in their primitive state, 
make all this part of the American coast-line a real labyrinth. The 
form of the continents themselves must bo explained by the move- 
ments of the atmosphere. 

After the retreat of the glaciers, the woik of rendering the shores 
regular goes on in the various countries with more or less rapidity, 
according to the form of the continents, the depth of the fjords, and 
all the phenomena which constitute their geographical circumstances. 
In certain countries where the rivers arc c»f little importanfp, as in the 
peninsulas of Denmark and in Mecklenburg, the fjords are first closed 





riLLINQ UP OF FJORDS. 


Ul 


on the seaward side, and then become long and narrow laguncs, scpar- 
atcd from the salt waves by the sandy beaches. Those gulfs, on the 



Fi^ 53 -Fiords of the South Lost of Iceland 

contrary, whore groat rivors discharge themsohes, arc gradually filled 
up by alluvium in those parts the furthest from the ocean, and are 
changed little by little into estuaries. Finally, many shores, among 
others those of eastern Iceland, present a great number of fjords, 
one beside the other, which are narrowed at the same time above and 
below by the deposit from the sea, and that of the streams from the 
interior. It is thus that a multitude of ancient gulfs in Scandinavia, 
England, and Franco, have been gradually changed into dry land. 
The gulfs of Christiansand in Norway, of Carentan in France, for- 
merly projected in all directions from deep abysses, the place of 
which is occupied now by fields and marshes. 

Whatever may be the diversity of means employed by nature in 
filling up file ancient glacial bays, the labour is accomplished in^lue 
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time, and we may state that from the temperate to the equatorial 
zone the curves of the shore increase in regularity. The innumer- 
able ports which penetrate deep into the northern lands, are suc- 



Fig 6 i— Filled up Fjordu of ChmtiaiiBiiaad 


ceeded in the south by more and more inhospitable maritime shores, 
because of destitute indentations. And on the coasts of the torrid 
zone, which are destitute of the mouths of rivers, vessels must sail 
along for hundreds qf leagues before finding a harbour of refuge. 
It is the three southern continents, South America, Africa, and 
Australia, which present in their outline a most uniform development 
of coast and arc most destitute of bays. 

If we can rightly consider each glacier as a natural thermometer, 
indicating by its advance and retreat all the changes of local tem- 
perature, wo may in the same way regard the general character of 
the coasts, from the fjords of Greenland and Norway to the long 
shores of equatorial Africa, as a visible representation of the changes 
of temperature which have taken place on the surface of the globe 
since the glacial epoch. If by long and patient study we succeed in 
meaiqiring the time which is necessary for the alluvium of tlie sea 
und^rivers thus to modify the forms of valleys once filled with 
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ice, we can then estimate the amount of time which has elapsed 
since the glacial epoch. This vague period, which according to 
various geologists comprehends thousands or millions of years, will 



Fig 66 —Anolttit Fjords of Carenton 


assume, at least for the times nearest to us, a more precise mean- 
ing, and will arrange itself like the centuries in the chronology of 
mankind. 
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CHAPTER XVIII. 

DEBTRUCTION OP CLlFPa.— THK COASTS OP THK CHANNEL. — THE STRAITS OP DOVER. 

ACTION OF BIIINULE AND SAND. — GIANTS’ CAULDRONS. — SrOUTINQ WELLS ON 

THE COASTS.— T11»AL WELLS. * 

Although there is necessarily an equilibrium between the work of 
demolition and that of reconstruction, wc would nevertheless at 
first sight be tempted to believe that the sea took the greatest plea- 
sure in destruction. On oontomplating the cliffs, those perpendicular 
walls which on various coasts rise many hundreds of yards above the 
level of the sea, we are struck with awe to see how the ^repeated as- 
saults of the waves have been sufficient thus to cut the mountains and 
hills whose bases were formerly gently sloped to the water. From the 
top of these cliffs, wc see the tumultuous ocean spread at their feet 
like' a plane surface, and we no longer distinguish the billows bxit by 
their reflections, or the breakers but by their garland of foam ; the 
multiplied sound of the waves melts into one long murmur, which 
dies away and rises to die away again. And yet this water, which we 
see below at such a great depth, and which seems powerless against 
the solid rock, has thrown down piece by piece all that part of the 
hill or mountain, of which the cliff* is but a gigantic memorial : then, 
after having thrown down these enormous masses, it has reduced them 
to sand, and perhaps caused the very trace of them to disappe.;r. 
Often not even a rock remains where promontories once jutted out. 
The phenomena ascertained even during the short life of man, are facts 
so grand in their progress, and so remarkable in their effects, that an 
English savant. Captain Saxby, has proposed to make of them a 
special science, Ondavorology* 

To gain some idea of the destructive force exercised by the Waves 
of the ocean, it is sufficient to contemplate them on a tempestuous day 
from the height of the chalky cliffs of Dieppe or Havre. At our 
feet we see the army of whitening billows rush to the assault of the 
rocks. Driven at the same time by the wind, the tide, and the 
lateral current, they leap over the rocks and shelves of the shore, 

* Nautical MagaainCf Jan. 1S64. 
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and strike tlie bxse of the cliffs obliquely. Their shock causes the 
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enormous walls to tremble to tbe very summit, and the roar rever- 
berates in all tlu'Ir angles with an incessant thunder. Dashed into 
the fissures of the rock with terrible force, the water sweeps away 
all the clayey and chalky matter, and gradually lays bare the solid 
beds, wrenches large blocks out of them, rolls them on the strand, 
and breaks them into shingle, which it drives along with a dreadful 
noise. Through the eddy of boiling foam which besieges the shore, 
one can only now and then perceive the work of demolition ; but 
tlie waves aro so laden with fragments that thej^ present a blackish 
or earthy colour, as far as the eye can reach. 

When the storm has ceased, the encroachments of the sea can bo 
measured, and we can calculate the millions of cubic yards of stone 
engulfed or transformed into shingle and sand. Towards the end 
of the year LSO'J, during one of the most terrible tempests of the 
century, M. Lennier saw the sea batter dovm the rocks of La Ilevo 
to a thickness of more than 50 feet. Since the year 1 100, the waters 
of the Channel, aided by rain, frost, and other agents,4hat act strongly 
on the upper strata, have cut down this cliff by more than 1500 yaids, 
that is to say, more than two yards j^er year. The spot where the 
village of Sainte Adresse formerly stood, has given way before the 
flood, and is replaced by the bank of ri^clat.* M. Bouniceau, one of 
those savants who have s])cciully studied the phenomena of erosion of 
shores, estimates the fraction of cliff’ which is carried away hy the 
sea on the coasts of Calvados at above a quarter of a yard on an 
average ycarl} , while on the coasts 8f Seine Infericure the annual 
erosion may be considered as nearly u foot. 

In some places on the southern and eastern coasts of England, the 
invasions of the sea take place with an equal or even superior rapidity, 
for the farmers generally count on the loss of about a yard per year 
along the cliff. f To the cast of the peninsula of Kent, the waters 
have advanced more than miles towards the west since the Homan 
period. In their successive invasions, they have submerged the vast 
domains of the 8axon Earl Goodwin, and have replaced them by the 
terrible Goodwin Sands, where so many ships are lost every year : and 
they have transformdd the narrow laguno of the Downs into great open 
roads. According to the calculations of M. Marchal,^ the totol amount 
of denudation w^hich the waters of the eastern part of the Channel 
carry on every year is equal to above 13 millions of cubic yards. 

* I.ambliirdio, Bande, Smme de$ deux Mondee. 

t Bcoto Jukes, School Manual of Oeology^ p, 00. 

% Annalci dee Bmte et Chaueeiee^ lor som. p. 201. 
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The Straits of Dover are being continually enlarged by the action 
of atmospheric influences, the waves, and the current which flows 
from the Channel into the North Sea. The patient researches of 
M. Thom 4 de Gamond, an engineer to whom wc owe the fine 
project of the international tunnel between France and England, 
have proved that the cliff of Qris-Noz, the nearest point of the 
French coast to Great Britain, loses on an average more than 27 
yards per century. If in former ages the progress of erosion was 
not more rapid, it would bo about 60,000 years before the present 
epoch that the isthmus connecting England with the continent was 
broken by the pressure of the waves. Nevertlicless, it is impossible 
to indicate any date, since at this place the ground has sunk and 
risen at various intervals ; ancient beaches four or five yards above 
the present level of the sea, as well as buhmerged forests, testify to 
these successive oscillations.* 

Along the coast of France, to the east of Capo Antifer, the 
pebbles resulting from tlie denudation of the cliffs are continually 
advancing towards the mouth of tho Somme. Arrested at about 6 
miles beyond these last flinty cliffs, by the prom-ontory of Hourdel, 
so named from the dash {licnrt, Fr.) of the waves, they are subse- 
quently taken up by the current which runs towards the Strait. 
Triturated more and more, they travel from sand-bank to sand-bnnk, 
and after having passed the Strait, are deposited in beds of mud either 
on the surface of the innumerable banks of the North Sea, or on the 
coasts of Flanders, Holland, aiSd eastern England. It is these deposits, 
which are called by the expressive name of gaht (h flat (‘ winnings 
from the waves ') in the neighbourhood of the Channel. The 10 millions 
of cubic yards of fragments taken annually from the cliffs of Sussex 
and Kent, as well as from those of Calvados and the Pays dc Caux, 
are carried back to the coasts of the northern countries, and it is at the 
expense of the shores of the Channel that the polders of Holland and 
the fens of Norfolk and Lincolnshire are formed. In consoquenco 
of this double work of erosion at one point and deposit on another, 
the shores situated to the north of the Straits present a perfect con- 
trast with the coasts of the Channel. While the cliffs of France and 
England, on the borders of this soa, are cut into concave bays, the 
beaches which stretch to the north of the Straits of Dover uniformly 
exhibit a convex arrangement. The waves give back in sand and 
mud what they have taken in rocks and boulders, t 

* Day, Oetlo^ieal Magazin$y 1866. 
t Marcbal, Anmles d!w Font* et CAdiMcfe*, lor sem. p. 204. 
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We must not think that it is the force alone of the breakers that 
demolishes tlie cliffs along the shore. The sea would bo almost power- 
less against the hard rocks, if, on approaching the shore, it was not 
charged with all kinds of di Z»r/s, blocks and pebbles, sand and shells, 
projectiles which are hurled by every wave against the cliffs which 
oppose them. Using thus the stones that have fallen as so many 
battering-rams, the billows roll them over the strand to the foot of 
the cliffs, dash them against tlie piojccting points, and finally break 



off masses and reduce them to sand. The sand itself, incessantly 
washed against the locks, wears away the most solid layers little by 
little, and thus continues the work of destruction commenced by the 
shingle ; it is in great part the fragments of the promontory itself 
which 8cr\e to further its destruction. On all the rocky coasts of 
Scandina\ia, Scotland, Ireland, and Brittany, the multitude of reefs 
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that extend seawards for a great distance from the shore arc nothing 
else than the ancient foundations of the continent, wfiich have been 
gradually razed by denudation to a level with the water. Fiom the 
top of any hill on the coasts of Paimpol, Morlaix, and Abervrac’h, 
wo may thus distinguish at low tide what was the piiinitivc form of 
tho shore. 

The deej) and regular excavations known under the name of 
** giants’ cauldrons,” are tlie most curious of the geological feats ac- 
eomplished by the scaltcred blocks. Ever}^ si one reposing on a ledge 
of tho rock 'where the waAcs break, hollows out duiing the course 
of ages a kind of well, tho w’alls of which are polished, and })luned 
by the friction. Finally, these cavities, where tlic gradually rounded 
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stone does not cease to oscillate, acquire a depth and width of several 
yards, and these arc then, according to tradition, the cauldrons whcie 



Fig S9 — Sootion of Ihe '* Giants’ cauldrons*' of Uatlstolmon, taken alonp tho line ah in Fig. 68. 

the giants prepared their repasts in former times. Very remarkable 
excavations of this kind exist on the coasts of Rcandinnvin, where 
blocks of granitefSroUed along by a furious sen, ore retained by abrupt 
rooks in a great number of cavities. 
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A plieiionienon not less interesting than the revolving of the stones 
in the giants’ cauldrons, is the sudden appearance of columns of sea- 
water, which S 2 )riiig in jots through the fissures of the rock. When 
n large wave is swallowed up in one of the fissured caverns on the 
coast, its force is sometimes so great that the rock resounds as with 
the discharge of artillciy. Tlic mass of whaler d lives the air before 
it, and not finding in the walls that surround and compress it a large 
enough space to develop itself, springs through the crevices of the 
vault. Iilo«*t of those fissures, gradually sculptured anew by the 
>vators which escape from them, at length assume the appearance of 
real wells, wdiero each return of the wave is signalized by a sort of 
geysvr of variable dimensions. There are some which spring several 
yards high, and can be seen at a great distance, like the jet of water 
by which the whale betrays himself afar off; hence aiises the name 
of blowers {bonjflcun) given in man}- countries by sailors to these 
phenomena on the shore. 



Tij? flO —Twlal Wflls 

The pressure of the tide does not make itself less felt than tho 
force of the waves in the inferior of the fissured rocks of the coast. 
It does not, it is true, cause magnificent fountains to spring far above 
the sea, but it low'crs the level of the water in all tho wells near 
enough to the shore ; even in those that arc filled with fresh- water. 
And this is what theory could have indicated beforehand; the mass 
of water that penetrates tar into the crevices of tho rock, retains 
the waters whi( h infiltrate from the interior, the latter, salt or fresh, 
remain in their reservoirs, and rise at the same time as the tide; 
then, when the ebb commences, they flow into the sea, and overflow 
again as soon as the pressure of the rising water ceases. Where the 
rocks of tho coast are much fissured, which is almost everywhere 
the case with cliiTs composed of calcareous 8trata,^hero exist these 
tidal ” wells, which rise and full alternately with the tide. We 
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may specially cite those of Finland, near Wasa^ those in the en- 
virons of Eoyan, on the right bank of the Gironde, and, above all, 
those of the Bahama Islands. In many of these islands, all the 
flwells, without exception, are regulated by the flow of the sea.* 

There are even certain coasts opening so deeply into large hollows, 
on the side towards the sea, that the waves penetrate to a great dis- 
tance into the interior of the continent. A curious example of this 
is seen in that part of Louisiana known under the name of the 
Attakapas. There, the prairies of the coast, protected against the 
tempests of the Gulf of Mexico by chains of sand-banks and long 
islands parallel to the shore, incessantly gain upon the ocean. But 
they are only solid on the surface, for their roots are bathed by the sea- 
water, which advances far into a bay with invisible outlifles. The 
fishermen do not fear to venture on these floating meadows, resem- 
bling fens in every respect, and it is by piercing the ground under- 
neath their feet that they procure the fish hidden in these retreats. 

Nevertheless, such floating shores can only exist on a small num- 
ber of coasts, where the physical circumstances are quite excep- 
tional ; usually it is by grottoes and caverns hollowed out of the 
solid rock that the waters of the ocean penetrate far into the land. 
It is not to be doubted that there are below the level of the sea mul- 
titudes of those rocky galleries, but only those are known that are 
open to the strike of the waves, like the azure grotto of Capri. 
Lower down, the water closes the entrance to the lateral caverns, 
which will doubtless long remain unknown to us. But if we can- 
not explore grottoes still filled by the sea, wo can at least see on 
elevated coasts like those of Scandinavia, immense caverns which the 
waves once freely traversed. One of the most imposing grottoes in 
the whole world is that which penetrates the splendid rock of 
Torghatten, rising like an enormous pyramid to more than 900 
feet, on an island of northern Norway. This gallery, through 
which seamen see the light glimmering, is of an astonishing regu- 
larity. The thresholds of the immense portals, one of wdiich has an 
arch of nearly 234 feet and the other of nearly 144 feet span, are 
found on each side to have the same elevation of 375 feet above the 
' level of the sea. The ground, covered with fine sand, is almost 
level, and formed like the floor of a tunnel, where carriages might 
roll. The lateral walls present almost throughout a polished surface, 
as if they had been cut by the hand of man, and rise vertically to 
the spring of thfe arch ; only towards the centre of the grotto the 
* B. Thomil^, d$ la Sooiiti dt Qdographie^ 1864. 
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vault is less elevated than at the two ox t rein i ties. Peon through 
this gigantic telescope, 000 feet long, ihe promontories, islets, in- 
numerable reefs, and the tliousand white crests of the breakers, 
form a spectacle of incomparable beauty, esjiccially when the sun* 
illumines the whole landscape with its rays.* 

When tlie waves of the sea cannot enter into the caverns remote 
from the shore except by narrow channels, it often hapjxjns that a 
rivulet of salt water regularly flows towards the interior of the land, 
without ever returning to the ocean. This strange fact, which may 
seem at first sight a reversal of the laws of nature, mny b(i observed 
on various points on the coast of calcareous countries, and especially 
on the coasts of Greece and the neiglibouring islands. 

Near Argostoli, a commercial town in the island of Ce])haloniii, 
four little torrents of sea- water, rolling on an average 55 gallons of 
water per second, penetrate into the fissures of the cliffs, flow 
rapidly among the blo(‘hs that are scattered over the rocky bed, and 
gradually disappear in the crcwices of the soil. Twol)f these water- 
courses are sufficiently powerful to turn throngliout the year the 
wheels of two mills constructed hy an enterprising Englislimnn. 
Though the subterranean cavities of Argostoli are in constant com- 
munication with the sea, and the entrance to tlie canals is carefully 
freed from the seaweed that could obstruct the passage, or at least 
retard the current, the waters are not the same hciglit in the grottoes 
as in the neighbouring gulf. This is because the calcareous rocks of 
Ccphalonia, dried on the surface by the sea- breeze and tlie heat of the 
sun, are pierced and cracked throughout by innumerable crevices, 
which arc so many flues aiding the circulation of the air, and the 
cvapoKzation of the hidden moisture. Wo can compare the entire 
mass of the liills of Argostoli, with all their caverns, to an immense 
Alcaraza^ the contents of which are gradually evaporated through the 
porous clay. In consequence of this constant loss of liquid, the level 
of the water is always hiwcr in the caverns than in the sea, and to 
restore the equilibrium, the brooklets, which are fed by the waves, 
descend incessantly by all the fissures towards the subterranean reser- 
voirs. It is probable that the constant evaporation of the salt water has. 
resulted in the accumulation in the cavities of the island of enormous 
saline masses. Professor Ansted has calculated that the discharge of 
the two great marine streams of Argostoli would bo sufficient to form 
each year a block of more than 1800 cubic yards of salt.f 

^ Vibe, Kiistm and Meer Norwegmi^ MittheUungen von I^tannann, 1860. 
t 7%0 Ionian Ulando in ihi gear 1863. 
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CIIArTER XIX. 

UNDERMINING OP ROCKS. — VARIED ASPECT OP CLIFFS. — PLATFORMS AT THEIR 
nASiCH. — lUSSiSTANCE OF THE ('OASTS. — RRKAKWATERri FORMED BV THE RUBBISH. 
— U EL lOOLAND,— DESTRUCTION OF LOW SHORES. 

All tlie rocky promontories exposed to the violence of storms, or 
simply washed by u current, are undermined at their base. The 
wearing away is accomplished in a more or less rapid manner, ac- 
cording to the progress of the waves, the distribution and inclination 
of the strata, the hardness of the rocks, and their chemical composi- 
tion. The method of destruction depends at the same time on various 
hydrological and geological conditions. Strange as this assertion 
may appear, the water of the sea can even in certain cases destroy the 
rocks on its borders by combustion. Thus, the cliffs of Ballybunion, 
on the western coast of Ireland, long presented the appearance of a 
rampart of smoking lava. Those rocks which the waves of the 
Atlantic have pierced with grottoes, and sculptured in massive and 
fantastic forms, having one day fallen down very extensively, the 
alum and iron pyrites, which are contained in considerable proportion 
in the rocks, were exposed to the action of the atmosphere and the 
sca-wator. A rapid oxydation took place, and produced a heat suffi- 
ciently intense to set the whole clift’ on tire. For weeks the rocks 
were burning like a vast coal fire, and masses of vapour and smoke 
rose like clouds above the high wall besieged by the surf. Scattered 
around the space where the fire had prevailed, a heap of melted 
scorisD, and clay transformed into brick by the violence of the lire, 
was to be soon. 

Such is the diversity of destructive agents employ^ed by nature, 
that, as we can easily understand, the aspect and form of the rocky 
coasts varies likewise in a remarkable manner. Thus the cliffs of 
England and Normandy, which arc composed of somewhat friable 
rocks, fall when their lower strata are eaten away, and their sides being 
occasionally interrupted by “ vallouses’’ (narrow openings where tem- 
porary or' permanent brooS flow), they reseifible enormous walls from 
150 to 300 feet high. In the islands of the Baltic Sea, the chaU^y 
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rocks, less exposed to the fury of the tempests than those of western 
Europe, are also less abrupt, and forests of beech-trees descend like 
sheets of verdure over-tho ruins of the cliffs. Elsewhere, especially 
on the coasts of Liguria, the promontories, formed of limestfcne 
rocks harder than chalk, do not fall in when their lower strata are 
carried away by the sea, and the waves, incessantly excavating the 
bases of these rocks, may curve them into colonnades, arched gate- 
ways, winding galleries, and vast grottoes, whore the trembling water 
lights up the vaults with its azure hues. Other cliffs, of which the 
promontory of Socoa, near St Jean-do- Luz, may bo considered as a 
type, are composed of slate rocks, variously inclined towards the 
sea. ’ Worn away by the waves, some of the layers of schist arc de- 
tached, others bend and part from each other, like tho pages of an 
open book, allowing the water to glide in long foaming sheets into the 
very heart of the cliff, to spring up again from it in immense spouts. 
Finally, on other coasts the rocks cut by vertical fractures are gra- 
dually isolated from one another, and separated into fisliiict groups 
by the action of tho waters. Surrounded by a roaring sea, tliey rise 
on their rocky buses like towers, monstrous obelisks, gigantic ar- 
cades, or crumbling bridges. Such are tho innumerable rocks which 
tower above the waves in tlie archipelago of the Orkney and Shet- 
land Islands. Hlack, slender, and envelopt*d with spray as with 
smoke, these wrecks of ancient cliffs justify the name of “chimney- 
rocks'* which the English have given to many of them. On tho 
northern coasts of Norway, not fur fn^m the polar circle, a rock rises 
in the midst of the waves, more than 900 feet high, which re- 
sembles a giant cavalier ; hence its name of Ilestmandcn. 

We sec that the rocks which the sea- wave has eaten away are 
very various in form. Still we may say, as a general rule, that 
the inequalities of cliffs are in direct proportion to the hardness 
of tho strata. The grooves jthat the waves slowly hollow out in 
the surface of the rock, the cavities that they scoop out in it, the ar- 
cades and grottoes which they excavate there, are the deeper tho 
harder the stone is, for the beds of loss solid formation fall in as soon 
as the lower layers are eroded. That part of the cliff which is only 
wettod by the foam and the mist of minute drops is less cut up than 
the base, and the grooves are less numerous there ; but no vegeta- 
tion as yet appears. Higher up a few lichens give a tint of greenish 
gray to the stone. Finally, those bushes which delight in breathing 
the salt air of the sea make their appeanifioe in the angles and on 
the oomioes of the rocks. It is at 100 or 120 feet high that this vege- 



FOEMATION OF CLIFFS WITH PLATFOEMS. 


155 


tatlon begins to show itself on the cliffs at the border of the Mediter- 
ranean.* 

Notwithstanding the astonishing variety of aspect prooented by 
cliffs composed of various substances, chalk, marble* granite, or por- 
phyry, we C9,n still observe one trait of singular resemblance in 
the form of the rocks, which are covered by the waters of the sea 
at the foot of the abrupt walls. This feature consists in the exist- 
ence of one or two platforms of varying dimensions, situated at the 
base of the escarpments. On the coasts of the Mediterranean and 
other seas with a very slight tide, whore tlje level of the waters 
baldly varies excepting imder the influence of the winds and storms, 



there is but a single one of these platforms, while on the shores of 
the ocean, whore the tides attain a height of at least several yards, 
two steps, one above the other, extend below the wall of the cliffs. 
When the rock is very hard the platforms present but a few yards 
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• Boblsye et Virlet. G. OoU^o ; {hoihgxa delP Italut, 
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in wi llh, and peril nps may then be compared to a narrow coi*nIce, 
suspended at mid-waj'^ between two abrupt walls, that of the 
cliff, and that which plunges into the abyss of the water. On 
the other hand, when the rocks are easily cut, the terrace of one or 
several stages over which the waves roll, has sometimes many hun- 
dreds of yards in width. At Inishmore, on the western coast of 
Ireland, tlic cliff jirescnta a succession of regular stops like those of 
a staircase cut out for giants. The highest step, all encumbered with 
blocks, i»5 that attained by the wa\es duiing a tempest ; lower down 
are those bathed by the spring-tides, and then that where the ordinary 
tides are arrested. Still lower are the iiitermcdiaiy terraces, and 
the last two stojis of the staircase are those where the waiter breaks 
during ordinary ebb, and at the low' tides of the equinoxes.* 




Tijr fil — TkI(*« of IriiHhmoro Kmahati ' 

a n^poult of tompostR b Idmrr of equinoctial tkIcm c *1 1 rmre of onlinnrv liifrh tidca 
dd liir<,nuediai.v i<*rraccs. e lerrace of ordinary low tides / Low equinoctial tidc<. 


It will be easily understood that these submarine ledges were for- 
merly embedded in the thickness of the rock ; they have resisted 
the assault of the w'aves, wdiile tlie higher strata, sap{>ed at their 
base more or less slowly, have fallen into the W'ater. As the force 
of the waves is felt much less in the mass of wuters than on the surface 
of the sea, the rock only ullow^s itself to be cut into at tire place wliero 
the breakers dash. But its submerged slopes remain relatively intact, 
and maintain moi'e or less exactly the ancient outline of the coast. 
This is the reason why there exists on the shores of the Atlantic, and 
other seas, the level of w hich oscillates alternately with the ebb and 
flow, two platforms, one above the other, which correspond, the one 
with the level of low water, the other with that of high water. At 
the time of flow, the waves, urged by the tides, and more often too 
by the wind which accompanies the tide,t dash impetuously agaipst 
the rocky walls, and push on vigorously their labours of dostruc- 

• Kinahan, GfMogical Magazine^ Au^put, 1866 , 
t Beo below, tbo eection entiUed, The Air and the JTtnde, 
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tion. During the period of the ebb, on the contrary, the water 
which breaks on the shore is retained by the current of low water, 
and is as though attracted towards the open sea : neither does it 
attack the •cliff with as much energy as the rising tide. The dif- 
ference which exists between the force of the waves of the flow and 
those of the ebb, can be measured by the respective extent of the in- 
termediary platforms. 

If the waves march constantly to the assault of the shore to 
transform into cliffs the heights of the coast, the latter, on their side, 
are not satisfied with merely resisting by their mass, and by the 
greater or less hardness of their strala, but many of them besides 
take care, one might say, to protect their threatened base against the 
waves. A thick vegetation of seaweed, like floating hair, drapes 
the cornices, breaks tlie force of the surf, and changes into torrents of 
eddying foam the enormous rollers which rush to attack the rocks 
with great speed. Besides, all that portion of the rocks comprised 
botwoon the levels of high and low water is covered with balani and 
other shells, numerous enough to give the stone the appearance at 
certain hours of a swarming mass, and to form it afterwards into an 
immense immovable carapace.* 

The coasts thus protected are precisely those which, by the solidity 
of tlicir rocks, would best resist the attacks of tho sea. As to the 
cliffs composed throughout their thickness, or only at their base, of 
less resisting materials, they give way too often for the molluscs and 
seaweed to venture in great numbers on that part of the rock which- 
the waves have just assailed. Great blocks detach themselves from 
the upper strata, and fall on the beach. Afterwards, under the action 
of the waves, they break into smaller pieces, then into pebbles which 
the surge rolls and chafes incessantly. Under tjiese fragments, con- 
stantly moved by the wave, no germ of animal or plant can develop 
itself, no living organism brought from the open sea can exist there. 
A desert is made even in the waters which dash against the roaring 
mass. 

When this is the case, it is the crumbling masses and the pebbles 
of the strand which themselves serve as bulwarks of defence to pro- 
tect the wall of the cliffs from fresh damage. Supported in a slope 
on the lower part of the rock, or else scattered in the waves and trans- 
formed into shelves, the fallen blocks break the force of the waves, and 
retard the progress of erosion. It is thus that on the coasts of the 
Mediterranean, near Yintimillia, the lower strata of the cliffs are 

• Sae bolow, the Motions entitled, TA# Sarih and its Floroy and the Forth and its Fauna, 
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composed of a sandy clay, which the rain alone suffices to wash away, 
and this gives rise to a talus of masses of solid conglomerate detaehed 
from the upper layers, which thus protects the cliffs from the fury of 
the waves. In the same way, on the sterile shores of Brittany, the 
blocks of granite, cracked in all directions, and converted into shingle 
which the sea carries away and returns again, maintain intact during 
centuries the walls of rocks of which they formerly made a part. 

The cliffs of Normandy, composed of materials much less hard 
than those of the promontories of Brittany, arc also more easily worn 
away; still we must attribute their rapid erosion principally to the 
coastal current which carries away the shingle accumulated at the 
base of the rocks. The talus of fallen blocks constitutes at first a per- 
fectly sufficient defence against the fury of the waves : but little by 
little, the chalky part of the rock is dissolved and deposited here and 
there on the mud-banks, while the masses of flint disengaged from 
the substance of the stone, cease to present a sufficient resistance to 
the waves, and are carried away into the neighbouring bays in im- 
mense processions parallel to the shore. On the south coast of Eng- 
land, the current of the coast is much less energetic, and the talus 
can in consequence long resist the attacks of the sea. A few years 
ago the waters undermined with a threatening rapidity the base of 
the cliff which rises not far from Dover, on the western side, and 
which the English have consecrated to IShaksjHjarc, in remembrance 
of the beautiful description which he has given of it in King Lear, 
To preserve this historical promontory, the houses that it supports, 
and the railroad which runs through it in a tunnel, they fonned the 
plan of blowing down the upper part. In the presence of an im- 
mense crowd, assembled to see this now spectacle, they fired hun- 
dreds of pounds of powder buried in a mine, and enormous masses of 
rock fell with a crash from the top of the hill ; and now the force 
of the waves is broken on their talus. Mr Beeto Jukes thinks that 
during 18 centuries this cliff and the ncighbouiing rocks have been 
worn away by nearly 1 mile.* 

In the North Sea there is an island which by a singular mis- 
apprehension was believed to have been consecrated to Froya, the 
goddess of love and liberty, and whoso ancient name of Halligland 
(land with the inundated banks) has been transformed for foreigners 
into that of lleligoland (holy land). The island, composed entirely 
of mottled stone, formerly surrounded by cretaceous beds, presents to 
the sea all round a cliff about 200 feet high, worn away at the base 

* School Manual of Qoology^ p. 80 . 
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by the waves. By employing the heroic means which the English 
engineers have applied to the defence of Shakspeare’s Cliff, and 
which the garrison of Heligoland had also inaugurated in the year 
1808 , by bombarding a crumbling cliff, * the inhabitants might sur- 
round their island with a great circular breakwater. But this dike 
would not last long, for the strata of mottled stone do not contain 
tliose beds of pebbles which serve to form shingle for a beach. 
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All the blocks would soon be dissolved by the waves, and not a single 
fragment remaining to protect the lower strata of the cliff against 
the destructive action of the waves, the work of erosion would freely 
resume its course. Devoted to certain destruction, the island is 
gradually melting in the waters, like an immense crystal of salt. 

The learned do not all give the same degree of confidence to the 
documents relative to the ancient extent of Heligoland. 8ome, such 
as Wiebel,* regard those testimonies of the past as if destitute of 
sufficient authenticity, and think that the lessoning of the island is 
accomplished verj" slowly. Others, on the contrar 3 %t more respect- 
ful to the affirmations of the chroniclers, believe that in the space of 
five centuries the island has diminished by at least three quarters. 
However it may be, it is certain that the partially inundated lands, 
to which the island owes its name, have long since ceased to exist. 
It is equallj" certain that towards the end of the seventeenth century, 
an isthmus still united Hclijjoland to another islet, the cliffs of which 
rose to about 100 feet in height, like the principal island: two ex- 
cellent ports, which gave the island a great strategical importance, 
opened to the north and south between the two i-ocky masses and 
their submarine extensions. The eastern island has now disap- 
peared, and its cliffs arc replaced by a few dunes and sandbanks, un- 
covered at low w'atcr ; the ports no longer exist, and the ships of 
war drawing most water, can sail freely where the isthmus still ex- 
isted le3s than a century and a half ago. AVho would now recognize 
in this rock of Heligoland, hardly 1 1 mile long, and about 2000 
feet broad, the land of which Adam do Br6mse speaks in 1072, 
and which was then “ very fertile, rich in corals, in animals, and 
birds,” and which extended, says Karl Muller, “ over a space of 900 
square kilometres.” { In the present day, a few rows of potatoes and 
a few meagre pastures are the only remains that testify to the an- 
cient fertility of Heligoland. 

If tho sea thus destroys countries bordered all round with rocky 
'promontories, it respects still less tho low strands, which in conse- 
quence of some modifications in the geography of the coasts, or in 
the relief of the submarine banks, are situated across the cur- 
rents. In tho very front of Heligoland, the shores of Hanover, 
Friesland, and Holland, which formerly seemed to sink gradually, $ 
offer the most striking example of this destructive power of the aeu. 

* IHe Imti Eelffniand, f Von Maack ZeiUchrift fur die cd^meiiM ZrdJtmde^ 1860. 
t DU Qefahrm der aehleawiffaehen Weet ku»t$ : Natur^ March, 1867. 
i See in VoL 1. the lection entitled, The Slow OeciUatione the TerreetruU Soil. 
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During sixteen hundred years, that is to say, ever since written his- 
tory commenced in these countries, the life of the inhabitants of^ the 
shores has been nothing but an incessant strife against the encroach- 
ment of the waters. During this period the great irruptions of the 
sea may be counted by hundreds, and among these there arc some 
which, according to the chronicles, must have drowned whole popula- 
tions of fifty and a hundred thousand souls. During the course of 
the third century, tradition tells us that the island of 'VValchoren was 
separated from the continent ; in 860 the Rhine rose, inundating the 
country; the palace of Caligula {arx britannica) remaining in fhe 
midst of the waves. Toward8“*the middle of the twelfth century the 
sea made a neW irruption, and the Lake Flevo was changed into a 
gulf, which was still more enlarged in 1225, forming the Zuyder Zee, 
that vast labyrinth of sandbanks, which, from a geological point of 
view, is still a dependency of the continent, and is separated by a 
log row of islands and dunes from the domain of the ocean. In 
the first years of the thirteenth century the gulf of Jahde was opened 
at tlie expense of the land, and never censed to enlarge itself during 
two hundred years. In 1230 the terrible inundation of Friesland 
took place, which is said to have cost the life of a hundred thousand 
men. The following year the lakes of Ilaarleni overflowed the 
ground, then gradually increasii\g, united with each other to expand 
into an inland sea towards the middle of the seventeenth century. 
In 1277 the gulf of the Dollart, which is nearly 22 miles long, and 
7 miles wide, began to be hollowed out at the expense of the fertile 
and populous countries, and transformed Friesland into a peninsula. 
It was only in 1537 that they could arrest the invasions of the sea, 
which had devoured the town of Torum and 50 villages. Ten years 
after the first invasion of the waters in the DoUart, an overflowing of 
the Zuyder Zee drowned 80,000 persons, and changed the configura- 
tion of the Dutch coastline. In 1421, 72 villages were submerged 
at once, and the sea on retiring left only an archipelago of marshy 
islands and islets, covered with reeds and banks of mud, in the place 
of fields and groups of habitations : this is the country known under 
the name of Biesbosoh (forest of reeds). Since this epoch many 
other hardly less terrible oatastrCphes have taken place on the coasts 
of Holland, Ftiesliikd, Schleswig, and Jutland.* 

Of the row of islands, which extended along the iittcre 15 
centuries ago, only 16 fragments remain, and many are n<>thing 

• VouIIoff; TonHauek; Bejer; Baudissiii, Karl Muller, &o. 
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else than simple ridges of sand. The Island of Borkum, as is shown 
by maps with less than a century^s interval, has been singularly loss- 


[ 

I 





Tig 65 —laic of Borkum in 17*18 

ened ; the Island of "Wangerooge, the w reck of the antique country of 
Wangcrhind, which was once united to the continent and extended 








Fjg 66 -liile of Borkum in 1826 


far into the sea, wns in 1810 still a flourishing and populous island, 
and during the summer the bathers visited if in crowds. Now it is a 
strand of mud almost entiicly abandoned. The Island of Noidstrand 
has diminished by eleven-twelfths since the commencement of the 
seventeenth century, and of the 24 islets which surrounded it 300 
years ago, there only remain II the lead, when thrown out at the 
spot which was formerly in the centre of the island, indicates a depth 
of 7 fathoms. The Island of Sylt, and other lands of the coast of 
Schleswig, have been also much worn away, and it is known that 
in 1825 the sea opened a way quite across the peninsula of Jutland 
by hollowing out the Strait of LymQord.* 

* Muller Gtfahnn dir tehUtwtftehin WttiluMte Natwr^ 1807,^ 
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CHAPTER XX. 

NOIlMAIi FOEM OP BHOIIE6. — CUHVEB OF “OnEATBST STABILITY.** — FOBMATION OP 
new BHOBEB. — COAST KIDUEB AND BAND-BANKS.— INLAND BAYS. 

The shores most violently attacked by the sea are, generally, those 
which present the most indentations and promontories. The waves 
break most of all against the advanced capos that jut out farthest 
into the domain of the waters ; but in proportion as the points retreat 
before the tide which wears them away, the destructive po\W of the 
waves diminishes ; its force will even in time bo reduced to nothing, 
when the base of the cliifs is sufficiently eroded, and describes no 
more tlian a slight curve in front of the coast. In fact, the outline 
of the coast which offers tlie greatest resistance to the assaults of the 
sea is not a straight line as one might suppose, but a series of regular 
and rhythmical curves.* The waves do not cease to labour at re- 
modelling the shore as long as the latter does not present a succession 
of creeks gently curved from promontory to promontory. Each one 
of these rounded bays reproduces in large the form of the wave which 
breaks on it, drawing on the sand of the beach a long elliptical curve 
of foam-flakes. ^ 

The coasts of mountainous countries, to which the sea has already 
given the desired contours, unite an extreme grace with an admirable 
majesty. Such are the coasts of Provence, of Liguria, of Greece, 
of the greater part of the Iberian and Italian peninsulas. There, 
every promontory, the remains of an ancient chain of hills razed by 
the waves, lifts its terminal point in a high cliff ; each valley which 
descends towards the sea terminates in a beach of fine sand, with a 
perfectly regular curve. Abrupt rocks and gently sloping beaches 
alternate thus in a harmonious manner, while the various geological 
formations, the greater or less width of the valleys, the towns scat- 
tered on the heights, or on the low shores, the curvatures of the coast, 
and the incessantly changing aspects of the water, introduce variety 
iuto the whole landscape. 

* £Ue de Beaumont, Baade, fto. 
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Sandy shores, as well as rocky coasts, have a normal profile 
composed of a series of bays and points. But these points, the re- 
lief of which is modified by every wave, are generally more rounded 
in their extremity than the promontories of rock. The monoton- 
ous coast of the Landes^ which extends over a length of nearly 140 
miles, from the mouth of the Gironde to that of the Adour, may be 
taken as a type of the shores which the waves of the sea model at 
their will. On these coasts the uniformity of the landscape is complete. 
The traveller in vain hastens forward ; he might believe he had hardly 
changed his place, so immutable does the aspect of the scenery remain ; 



Fig 07 —Curret of the cooot between Onvglia and Ba\on«. 





CURVES OF GBEATEST STABILITY. 


105 


always the same dunes, the same shells scattered on the sand, the 
same birds assembled by thousands on the edge of the laguiies, the 
same lines of waves which pursue one another, and break with great 
noise in a sheet of foam. In the whole field of view the only remark- 
able objects are the spars of shipwrecked vessels that can be seen 
from afar on the wliite sand. However, tdie shores which present 
the most regular series of convex and concave curves, w^hich one 
might call the outline of the greatest stability, are exposed also to 
rapid erosions when the bulwark of defence which flanks them at 
either of their extremities yields to the pressure of the waves. Thus 
^ the shores of Medoof which are the continuations of the uniform coast 
of )Saintonge, to the south of the bay of the Gironde, have incessantly 
retreated before the sea ever since the rocky promontory (of which 
the ledge of Cordouan is the sole remains) disappeared under the 
united^avages of the river and the ocean. 

But if the sea demolishes on one side, it builds up on the other, and 
the destruction of the ancient shores is compensated for by the 
creation of new coasts. The claj^s and limestones torn from the 
promontories, the shingle of every kind which is alternately thrown 
up on the shore and swept back in the waves, the .heaps of shells, the 
silicious and calcareous sands formed by the disintegration of all these 
fragments, are the materials employed by the sea for the construction 
of its embankment, and the silting up of its gulfs. 

It is on each side of the cliffs or low points worn away by the 
waves, that the work of reparation commences. Each W’ave accom- 
plishes a double work, for in sapping the baso of the promontory it 
loads itself with fragments which it deposits immediately on the 
neighbouring strand ; by the same action it causes the point to re- 
treat, and the shore of the bay to gain. Thus, owing to two series 
of apparently contrary results, the razing of the points and the filling 
up of the bays, coasts more or less deeply indented, gradually ac- 
quire the normal form with gracefully rounded curves. Whatever 
be the outline of the primitive coast, each inflection of the new shore 
rounds itself like the arc of a circle from promontory to promontory. 
In those places where the ancient coast was itself semi-circular, the 
sand or gravel cast up by the billows is deposited on the beach ; but 
when the coasts are irregular and indented by deep creeks, the sea 
simply leaves them and constructs sand or shingle banks in front of 
them, which end by becoming the true shore. 

The formation of such a breakwater may be explained in a very 
simple manner. The waves of the open sea, driven against the shore, 



166 


THE OCEAN. 


first strike the two capes placed as guardians at the two extremities 
of the bay; here they break their force, and are thrown back 
against the tranquil waters of the bay. Thus arrested in their 
speed, they deposit the earthy matters which they hold in siispension, 
and also the heavier fragments torn from the neighbouring promon- 
tories. At the entrance to the fjords of Scandinavia, of Terra del 
Fuego, and all the other mountainous countries with deeply indented 
shores, the clear and deep water of the open sea only brings with it 
a relatively small quantity of d/bris, and can only form a submarine 
bank • from point to point. But along the lower coasts where the 
tide drives before it masses of sand and clay, the^amparts of alluvium'*^ 
constructed by the waves emerge gradually from the bosom of the 
waters. 

Under the alternate influence of the ebb and flow, the sand and 
shingle are gradually deposited against the rocks of the capes, atid thus 
they form at the entrance of the bay true jetties, the free extremities 
of which advance to meet each other. Being elongated unceasingly, 
the two segments end by uniting midway between tne two capes, and 
thus form a large arc of a circle, the convexity of which is turned 
towards the ancient shore. The most furious assaults of the sea only 
serve to consolidate those banks by bringing other materials to them, 
and raising them above the level of the tides. 

All these sea-banks present a geometrical regularity in their section ; 
their form is, so to say, the visible expression of the laws which 
govern the undulation of the waves. Most often that part wliich 
fronts the sea is composed of several separate slopes which correspond 
to the diflerent levels of low water, high tide, and stoims : but all 
these beaches present uniformly a graceful curve, modelled by the 
breakers. At the base of the embankment the slope is very slight, 
and simply continues the declivity from the bottom of the sea : but 
it rises suddenly at an angle that is sometimes not less than from 30 
to 35 degrees. Immediately beyond this edge a counter-slope begins 
where the upper curve of every high wave spreads in a foaming sheet. 
Further on rises a second talus, which the stormy waves sometimes 
strike and consolidate. The inclination of this second stage which 
looks towards the sea is very slight. From this side, the materials 
of the embankment, sheltered from the force of the wind, and from 
the violence of the waves, are gradually heaped up, and may even at 
length be covered by a bed of vegetable earth. Above this level 
dunes rise, or else we find the surface of the ancient bay transformed 
* Darwin, South Amtrioa^ p. 24. 
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into a lagune. This outline of the shores is represented by the ac- 
companying illustiation, where the heights are strongly exaggerated. 



Fig 68 —Section of sea-shoro 


Notwithstanding tho looseness of the materials which compose them, 
the banks arc more solid than the promontories of rocks against which 
they rest, and when the cliffs have been levelled by the waves, tho 
banks of sand again extend fiom one ledge to tho other. They can be 
displaced by the inftiioncc of the currents and the winds, but they do 
not the less continue apparently immovable and more durable than the 
mountains. They do not, however, present a continuous development. 
When the inland bay is fed by one or several rivers, the mass of water 
which is discharged in this closed basin must necessarily break a 
passage to tho sea, and pierce this ridge at the spot where it offers 
least resistance ; that is to say, most often at one of its extremities. 
A remarkable example of this phenomenon is to be seen in Corsica at 
the mouth of the Liamone. In countries where the year comprises a 
dry period and a rainy season, most of the lagunes on the coast are 
alternately completely separated from the sea, and united with it by 
temporary embouchures of inconsiderable depth. Wlicn tho mass of 
rain waters has flowed away, the breaches in the broken bank are in- 
stantly restored by the waves. In the same manner on the shores 
of seas with strong tides, a number of rivers are alternately canals of 
almost stagnant water, which a bank of sand separates from the ocean, 
and vast estuaries up which a powerful tide from the open sea flows. 
Thus, the Bidassoa, separated from the gulf at low water by a most 
graceful curved sand-bank, is at the hour of high water an arm of 
the sea, from 2 to 3 miles wide. Almost all the small water- courses 
which discharge themselves into tho Atlantic are alternately rivers 
and marshes twice a-day. Even the Ome itself, whose large delta 
spreads like a fan beyond the coast-line, is lost in u shingle-bonk at 
the hour of low water. 
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If the permanent or periodical water-courses open for themselves 
a passage through the bank, theso \ery livers, on the other hand, 
serve to bring the inland shoic and the sea shore gradually closer 
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together by depositing tlieh’ nlliniiim in the interior Inguncs. Tlio 
reeds and other plants which delight in the tin hid waters con- 
tribute also to the transformation of th'^ ancient bays into marshes 
and firm ground. Beds of \egetablc detritus accumulated in the 
bays during a succession of years and centuries, rise in time above ^ 
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the ordinary level of the waters; and then come groat trees which 
solidify the soil, and attach it definitively to the continent. In the 



Fig 70 Mouth of tho Bidn^son 


tropical regions, it ib the different species of haebab and mangroves 
that aid most in the formation of the new shores. Raised on the 
scaffolding of their high roots, like aerial buttresses one above another, 
they grow in the midst of the l.igune. Hidden by the floating forest, 
the muddy liquid is soon filled with rubbish ; the branches and up- 
rooted trunks of the trees, being much heavier than the water, in- 
oeesantly raise tho bottom, and end by appearing on the surface. A 
new vegetation immediately takes possession of this yet undecided 
shore. 
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The same hydrological laws which determine the formation of banks 
between two capes are at work to bring about the same result be- 
tween two islands, or an island and the mainland. On the coasts of 



Fig 71 Mouth of the Onio 

Europe a groat number of coast lands have tlius lost their insular 
character, and are changed into pcninsuLis ; the strait has boon gra- 
dually changed into an isthmus. T!i« peninsula of Giens, between 
Hyeres and Toulon, presents a remaikable example of this transform- 
ation. It is connected with the continent by tuo banks of fine sand, 
above 3 miles long, each developed in regular curves, which turn 
their concave faces towards the ojKjn sea. Between these two banks 
stretches the vast lagune of Pesquiers. At the sight of this inland 
sheet of water and these low shores, hardly elevated above the level of 
the Mediterranean, one cannot doubt that the mountainous peninsula 
of Gions was formerly an island like Porquorollcs or Poft-Cros, and 
that the two roads, now separated, of Ily^rcs and Giens, were formerly 
one strait. The two uniting banks which joined the ancient island 
to the coast of Provence, have boon raised by the waves in the same 
manner and on the same plan ds the coast ridges of the continent. 
As to the differences of appearance, they can all be explained by local 
circumstanoet. Thus the bank which the isthmus of Giens turns 
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towards tlie west is composed in reality of two unequal fraj^ments, 
due to the existence of a submarine reef which breaks the force of 



Fig 72 — Fcxiinsula of Giciih 


the waves at a little distance from the strand. It is equally to local 
causes that we must attribute the inequality of thickness presented by 
the two ridges of the isthmus. Undoubtedly the eastern bank owes 



ten. 



Fig 78. — Sootion across the peninsula of Glens 


its greater solidity and height to the double action of the marine 
current that tends from east to west> and of the mistral which blows 
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the opposite way in the direction from north-west to south-east; the 
two contrary forces have left as witness to their strife this rampart of 
sand and dChi is. 

The peninsulas of Capo Sepet, near Toulon, of Quiboron, in Brit- 
tany, of Monte Argentaro, on the coasts of the Tyrrhenian Sea, and 
others less known, have been united to the continent by similar con- 
necting causeways analogous to those of Giens * There, too, the two 
armies of waves which bicak in the midst of the strait have gradually 
erected between them a double wail of separation, consisting of banks 
of sand and shingle Tlioie, too, the two semicircular jetties have 
drawn nearer together in their central convexity, and the two trian- 
gular spaces, which sci^aratod the respectnc extremities, have at first 
been occupied by lagunes. In our days, most of the ponds, gradually 
filled up by sand, have been transforiiK'd into marshes or covered by 
dunes, the two littoral ridges have been mingled m a single one. 
Thus, the narrow isthmus of Chesil Bank, \ihich extends over a 
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Fig 71 PcniiiBula of Cape Sopat 

length of 16 miles, between the coast of England and the former 
island of Portland, is composed of a single bank of shingle. In the 
same manner, the two French islands of Miquelon, near Newfound- 
land, which were still separate from each other in 1783, have been 
united since 1829 by a rampart of sand, which the waves of two op- 
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posiie gulfs have erected conjointly.* Guadeloupe is likewise an ex- 
ample of this phenomenon of junction between two lauds of distinct 
origin. The range of volcanic mountains which rise to the west 
is united to the low island of tl:e cast, and the two islands are 
now joined to each other by a marshy plain, where the waters of the 
small canal, called the Salt River, stagnate. In the two islands of 
Choa-Canzouni, batlied by the waters of the Indian Ocean, an analo- 



Fig. 70.— Chesil Bank. 

gous phenomenon is presented, but there the connecting bank between 
the two islands is reduced, so to speak, to a mathematical point. 

M. Elie de Beaumont estimates the length of the coasts which owe 
their present configuration to banks of shingle and sand to about ono- 
tbird of the total development of the continental shores. It is in 

• Bru6, BtHhim it la SaeUti * G^ographia, 1829. 
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these hstsins with slight tides that these ridges present the most con- 
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siderable dimensions. In France, all the shores of the Gulf of Lyons, 
from Argelez-sur-Mer to the mouths of the Rhone, form a series of 



Pig 77 -Coait ridges between Port-Vendres and Aigues-Mortes. 

coast-ridges, only interrupted by the rocks of Leucate, of La Clape, 
Agde, and Cette, and developed in a vast serai-circle nearly 125 miles 
long. The numerous ponds or etangs which it now separates from the 
Mediterranean, and which the alluvium of the rivers, the marine Band» 
and invading agriculture, are unceasingly transforming into solid 
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earth, were doubtless so many bays along tile base of the bills of 
Languedoc. Even since the historical epoch, those inland waters 
have notably diminished in extent, and vast gulfs, changed into 
marshes, to the great detriment of the public health, have poisoned 
the atmosphere with their miasma. That which contributed 4ini08t 
actively to the diminution of the surface of the pools were the grans, or 
passages by which the water of the sea brought in heaps of sand 
during tempests. These openings, some temporary, and others per- 
manent, but enlarging and diminishing by turns, and changing place, 
now in one direction and now in another, do not cease to modify the 
condition of the cfangs and countries on the coast. Here they allow 
masses of water to break through, wliicb submerge the shores and ex- 
cavate the soil, and elsewhere they arc obstructed, and spread banks 
of fetid mud as far as the eye can see before the villages of the coast. 
In order to prevent for tlie future the transformation of the rfang^ 
into mud and marshes, ]M. lleg}" has proi)osccl to rq)luce the old tor- 
tuous grafts by channels for drainage, which, during the fine weather, 
allow the lacustrine w’aters and those of the sea 'to communicate 
freely, but the sluices of which wouM bo (‘loserl during storms. 

Tlic ifdi of Coraacchio, as well as those of AVnice, and of the ancient 
city of Aquileia, restrict the basin of tlie Adriatic, wOuch formerly 
penetrated much further into the lands to the west and north-east. On 
the southern coasts of Brazil and the Guinea coast, the littoral ridges 
thus cut off considerable tracts from the cxican; but nowhere are 
these /ev^cs of sand seen more numerously and hotter developod than 
around the Gulf of Mexico, and on the eastern coasts of the United 
St£tt88. We may siy that over a length of about 2500 miles the 
outline of the American continent is formed of a double coast, the 
one bathed by the sea aud the other by the interior lagunes. In 
front of the ancient coast, with its irregular indentations, the new 
shore describes its graceful curves from promontory to promontory, 
and not even allowing itself to bo arrested by the mouths of the 
rivers, stretches across the outlets in dangerous bars. 

Thus the indented coasts of North Carolina, and the ramified gulfs 
which cut into these peninsulas, and are prolonged even into the in- 
terior of the land, in the form of marshes, are .masked on the 
aide next the sea by a natural bank nearly 220 miles long, against 
which the most fearful waves of the northern Atlantic break. 
These banks so gracefully curved are not constructed by the sea 
alone. They arc due also to the pressure of the fresh waters brought 
from the Alleghanys by the Neuso^ the Tur, the Roanoke, and other 
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rivers ; * the direction of the breakwaters indicates precisely the line 
of equilibrium between the marine and fluvial waters. Within the 



Fig. 78.— ‘Lagimos And Lidi of Venice. 

outer coast-line it haa been possible, without any considerable artificial 
means, to put the whole series of interior lagunes in communication 
* Soe in Yol. I. the section entitled Rivtn, 
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with one another, and thus to allow ships to make long sea- voyages 
completely sheltered from storms. Even the marigoU of Guinea, 
which spread parallel to the shore, have at all times served to facili- 
tate traffic between the peoples of the coast ; but it is said that 
these marshy canals are gradhally being filled up, cither by the ac- 
tivity of the vegetation, or because of the sand which the wind of 
the desert transjjorts thither.* 

Much less extensive than the banks of the Gulf of Mexico and of 
Carolina, those of the eastern Baltic are not less curious by the geo- 
metrical regularity of their forms, and, besides, they have been the 
object of long and serious study. Three great rivers, the Oder, the 
Vistula, and the Niemen, discliargc themselves each into a vast 
lagune or Huff (hcifoUf port), which a narrow tongue of laud, called 
there a Nehrung^ separates fiom the open sea. The haff oi the Oder, 



fhf fHtuuifrm tttT mHnmnA 

It thf ittiieSi 


Fig 70.—Coasts of Dantzig and rillan. 


the entrance to which is guarded by the town of Swinemiinde, 
is already in great part filled up by mud. The Curiche Uaff^ or 
* Borghero, Bullet m de la Soculit Geographies July, 1S66. 
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hafF of Courlande, is much freer from alluvium, and the Nehrung 
which defends it is a narrow sand-bank about 68 miles in length. 
The central haff, known under the name of the Frische is pro- 
tected by a bank similar to that of Courlande, but still more regular* 
All the western part of the estuary })^s already been filled up by the 
alluvium of the Vistula, the waters of which have opened a way 
through the bank. This embouchure has often changed its place. 
Till the fourteenth century it was to the north of the present passage, 
near Lochstiidt (town of the gap or gran). Later, it opened at 
Rosenborg, nearly in the middle of the dikfe. To preserve their 
commercial monopoly, the merchants of Dantzig filled this opening 
up by sinking five ships there; but another passage was formed 
almost immediately at a little distance towards the north, near the 
castle of Balga. More greedy than wise, the Dantzigers again at- 
tempted to arrest the waters of the Vistula, and closed the passage 
of llulga. It was then that the Nehrung was broken before Pillau. 
Since this period the passage has not been sensibly displaced, and 
Pillau has always remained the port of the Friache Haft, To the 
north of Dantzig a curious bank, 20 miles long, unites the main- 
land to the picturesque island of llcla (the holy). Doubtless the 
ancient inliabitants of the country experienced a sentiment of reli- 
gious terror at the sight of the rude waves which assail this wooded 
hill, united to the continent by this narrow dike of sand stretching 
far away int<k the dim distance. 

It is to the same order of phenomena that wo must refer the 
gradual prolongation of longues of land, which, bathed on either side 
by a current, project to a great distance into the open sea, owing to 
the fresh materials which each new tide adds to the terminal point. 
It is thus that in less than 16 years Cape Ferret has advanced about 
3 miles across the channel by which the basin of Arcachon communi- 
cates wdth the open sea. In 1708 the Capo was almost to the west of 
the basin properly so called. In the latter part of the eighteenth 
century, and at the commencement of the present, the winds from the 
north, which blow in those parts more frequently than the other 
atmospheric currents, had caused the dunes of the promontory to ad- 
vance each year in a southerly direction, while the surf from the 
open sea, and the ebb of the basin, incessantly added fresh masses of 
sand to the point. In 58 years, from 1768 to 1826, the Cape length- 
ened by above three miles towardsthe south-east, wdth an average speed 
of 94 yards per year, or about 8 to 10 inches per day. The point in- 
creased, BO to siiy, visibly ; but a few years later the passage had sud- 

N 2 . 
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denly changed its direction, and tending to the north, the tidal cur- 
rent commenced to wear away the peninsula, and gradually caused it 



80 — Difleroiit positious of Cape Ferret from 1708 to 180S. 

to retreat towards the north-west. In 18.04 the extremity of the 
cape had retrograded nearly 1| mile. It is said that it is at pre- 
sent nearly stationary, but if the channel moves towards the south, 
which may hopjicn any day, it is not to bo doubted that the point of 
the enpo would recommence encroaching upon the sea in the same 
direction. 
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CHAPTER XXT. 

BllALLOWS OF THE COAST. — DEPOSIT PBOM CALCAHEOUS ROCKS. —APPEAEANCE 
OF BTRAKDS AND BEACHES. 

The formation of shallows and sand-banks is connected also with 
that of littoral ridges ; they are developed parallel to the shore, 
under tho combined influence of the currents along the coast and 
winds from the open sea. A glance at a chart which indicatear 
the form of those ramparts hidden under the >vave9, shows at once 
that all these invisible banks of sand and mud tend to elongate 



Fig. 81.- Road of 1 * Madeleine, California. 


themselTes in a straight line, or to follow graceful curves no loss 
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regular than those of the littoral ridges. In all the gulfs and straits 
on the coasts of California, the Carolinas, and Brazil, in the Chan- 
nel and in the North Sea, there exist along the coasts a multitude 
of these banks, the arrangement of which indicates exactly the 
path of the contrary or parallel currents which have been formed 
by their meeting. Their depth varies. There are some over which 
large ships can sail without danger; but there are others very 
near to the surface of the water, over which the waves incessantly 
break. It is these banks, hardly below the level of the sea, which 
are the most dreaded ; and the English and American sailors, think- 
ing of the fate that perhaps awaits them on these hidden sands, have 
gaily given them the ironical name of ‘‘frying pans."' In wide- 



Fig. 82.-^ulf of Ourcntui. 


mouthed gulfs, and along straight coasts, tho soa endeavours to con- 
struct new shores by means of deposits of mud. The remains 
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of seaweed and aniraalculse, mixed with sand and clay, are deposited 
in deep layers on the coast, and cause the outline of the shores to ad- 
vance gradually. Mud has been accumulated by hundreds and tens of 
thousands of millions of cubic yards since the historical era in the 
ancient Gulf of Poitou, in the Gulf of Carentan, situated at tho fo8t 
of the peninsula of the Cotentin, in the bays of the Marquenterre 
and of Flanders, in certain estuaries of the Netherlands and of Fries- 
land. In these parts the sea and the land are mingled ; the sea, gray 
or yellowish, resembles an immense slough, and continues tho oozy 
surface of the shores ; one does not know where tho water ter- 
minates, or where the plain of mud, incessantly stirred by the tidal 
wave, begins. Still the mud which emerges at low water is, little by 
little, heaped up and consolidated ; a species of conferva covers its 
surface with a slight carpeting of a pink hue ; then come the herba- 
ceous salicornia, which contribute to elevate the soil by their stiff 
branches springing from the stem at right angles. To this first 
vegetation succeed other marine plants — cariccs, plantains, reeds, 
and climbing trefoil. Then is the time to recover the oozy meadow 
for agriculture, and to connect it with the mainland by defending it 
with strong dikes against the assaults of the sea.* 

In the seas whose waters have a high average temperature, the 
waves do not confine themselves to constructing littoral ridges and 
filling up the bays ; they even build actual ramparts of stone. In 
consequence of the rapid evaporation produced by (he rays of the 
sun, tho calcareous particles and mud contained in the water are 
gradually deposited along the shores and over the base of tho 
promontories. Mixed with sand and fragments of shells, it tends 
to form solid shores with regular contours. On tho Atlantic 
coasts of France, at Royan for example, one can, hero and there, 
already observe some formations of this kind ; and further to 
the north, at Elsinore, some of these stones have been discovered, 
containing ancient Danish coins. f On the French shores of the 
Mediterranean these modern roc|ts are very numerous, and in a short 
walk one can often collect a large quantity of sandy blocks and 
various conglomerates, united by calcareous substances, and con- 
taining multitudes of broken shells. The Museum of Montpellier 
possesses a cannon which was discovered near the principal 
mouth of the Rhone, imbedded in^a calcareous deposit. On the 

• Emile de Lavoleye, It«vm Ikwe Mofukay Nov. 1, 1863. Von Maack, Zetiachrift 
fur dia uUffamaina Erdkunda, Jan., 1860. 

t Yon Hoff, Varandarungan dar Mrdohar/acha^ tome iii. p. 311. 
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northern coasts of Sicilyi whore the mean temporatiiro of the waters 
rises to 64'4 Fahr., the stones and pebbles of the shore are, in many 
places, agglutinated by calcareous cement.* In the same way the 
fragments of rocks, which the torrents of Arabia Petrooa bring every 
ifinter from the top of the mountains to the shores of the Red Sea, 
are, in the space of a few weeks, converted into a stratum of solid 
conglomerate. Every year a new layer of stone is added to the old 
ones, and in future centuries we shall bo able pcrliaps to estimate the 
age of the formation by the number of its bods, one above the other, 
in the same way as we recognize the age of a tree by the number of 
its annual rings of wood.f 

We must explore the shores of the Antilles, or other tropical seas, 
to observe this phenomenon of the formation of rocks in all its gran- 
deur. There the waves, heated to 89*6 Fah^ by the rays of a 
vertical sun, deposit limestone in sufficient quantity notably to in- 
crease the extent of the shore. The tufa of Guadeloupe, in which 
the famous human skeleton exhibited at the Britisli Museum was 
found, belongs to this recent formation. It grow8,*‘8o to say, under 
the very eyes of the observer, and gradually covers with a rocky 
crust all those objects w’hich the sea njeets, and which tlie brooks 
bring down from the interior. In many parts of Terra Firinu these 
quarries of marine stone are actively worked for building towns on 
the coast, and all the excavations made in tlieso banks of limestone 
are soon filled up by new materials. Tlie quarry grows under the 
labourers w*ho are occupied in detaching the blocks ; hence the name 
of Ma^onne~bon~dicu, which the natives have given to those rocks 
which seem to be renewed of themselves. 

On the shores of Ascension Island Mr. Darwin found some of 
these conglomerates cemented by marine limestone, whose specific 
weight was 2*63, that is to say, hardly less than that of Carrara 
marble. These beds of compact stone, deposited by the sea, contain 
a certain quantity of sulphate of lime, as well os the animal sub- 
stances which arc evidently the colouring principle of tlie whole moss. 
Bometimes the translucid stucco covering the rocks has the polish, 
hardness, and hue of nacre ; moreover, os chemical analysis proves, 
this kihd of enamel and the envelope of living molluscs arc composed 
of the same substances equally modified by the presence of organic 
matter. Mr. Darwin has seen some of these calcareous deposits. 


Dc Quntrefai^ Souwnir» iTimi naiuraluU, 
t Manb, Ma$t and Nature^ p. 
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whoso composition and nacreous appearance seem as if they ought to 
bo attributed to guano saturated with salt water.* 

This construction of new shores, either by the sea itself or by the 
coral animals, like the gradual formation of the dunes, results in 
completely modifying the form of the coast, by separating from the 
rest of the sea large bays, which the rapid evaporation transforms 
%iter into firm land. It is thus that on the eastern coast of Africa 
the small Lake of Bahr-el-Assal, at the extremity of the Gulf of Ted- 
jura, has been separated from the sea by a slender ridge of sand, and 
dried up under the rays of the sun. Rain-water being very rare in 
this country, and the basin receiving no affluent, its waters have not 



83.— Bahr-el-Aual and the Gulf of Tedjura 


boon replaced, and now it is only a marshy hollow, the level of 
* Darwin, VoUank Ithmh, p. 49, and foUowing. 
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which is about 570 feet below the Red Sea.* While they occupied 
the coast of Abyssinia during the last war^ the English engineers 
discovered another basin, dried up and completely covered with 
salt, which was 189 feet below the sea-level. It is very probable, 
too, that the depressions in which the great river Haouach loses it- 
self to the south of the plateau of Ilabesch, are likewise below the ‘ 
Bca-level. The Isthmus of Suez formerly oflTered a phenomenon 
similar to that of the bank of Todjura. There, too, a lacustrine sheet, . 
which previously formed part of the sea, hud been enclosed by the 
littoral ridges, and had almost entirely evaporated. Only in our 
days the grand inter-oceanic canal causes the marine waters to flow 
again through this dried- up lake. The ancient banks on the shores 
of the Mediterranean and the Red Sea, which the forces at work in 
the interior of the planet had gradually elevated to the height of 
several yards, f have been pierced by engineers, and an artificial 
strait much more important for human progress than the great arm 
of the sea was formerly, joins the Mediterranean with the Arabian 
Gulf. 

If the great geological labours of the ocean, such as the erosion of 
cliffs, the demolition of promontories, and the construction of new 
shores, astonish the mind of man by their grandeur, bn the other 
hand, the thousand details of the strands and beaches charm by their 
infinite grace and marvellous variety. All those innumerable phe- 
nomena of the grain of sand and drop of water arc produced by the 
same causes wdiich determine the great changes of the shore. At 
the sight of the delicate lines which the dying wave traces on the 
beach, as well as in the presence of the wild coasts which the surf 
wears away in fury, wo feel ourselves brought back by various im- 
pressions to the contemplation of the same general laws. Each wave 
accomplishes on its little portion of the shore a work similar to that, 
of the groat ocean on the outline of all the continents. In a space 
of only a few yards we can see the regular curves of small bays 
round themselves, littoral ridges rise, inland lagunos fonn, and cliffs 
of shells and fuci being eroded. At the extremity of certain shel- 
tered bays, in the Bay of Beaulieu, near Nice, for example, black 
masses of from 3 to 4 yards in height may be seen, cut into 
peaks and pierced with caverns like rocks ; those are masses of algse. 

Among the various marvels of the shore nothing astonishes us 

* Rochet d'Hdricourt, Voyape au Choa. Chiiftophe, Journal of tha Oooyraphieal So* 
oiety, Tol. xii. 

t See in Vol. 1. the loction entitled, Tlu Shu; OtoUhtioM of th$ Terrottrial Soil, 
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more at first than tho designs traced on the sand often with 
perfect regularity- Every breaker brings with it shells, pebbles, 
and othjBr fragments of all kinds and of different sizes. These objects 
aro so many little reefs which divide the wave on its return to the 
sea, and cause it to trace upon the ground a network of intersecting 
lines. The surface of the strand presents in consequence an inter- 
laccing of innumerable lozenges, all ornamented with a shell or pebble 
at their upper end, and pointed or slightly rounded. All these little 
lozenges are themselves comprised within large quadrilaterals formed 
by furrows having, as starting-point, an object of relatively con- 
siderable dimensions. Contrasts of colours aid in the relief to vary 
still more this varied aspect of the shore. The differently coloured 
materials being in general of a different specific weight, are dis- 
tributed in a regular manner in the various parts of the lozenges. 
One side of the figure may be formed of small crystals of mica, while 
another is composed of black sand charged with peat, another of pink 
or yellowish shells, and tho fourth of grains of a pure white. Some- 
times tho sand, impregnated with organic substances, shines like 
watered-silk, or is slightly iridescent, as if a very thin layer of oil 
were spread over the ground. 

All these hues modify the aspect of the shores infinitely, and the 
greater or less inclination of the ground introduces yet a new ele- 
ment of variety into the network of lines. In all those places where 
the slope is considerable, tho water hollows out the sands in the figure 
of miniature rivers with their tributaries and deltas. Besides, these 
small hydrographic systems themselves differ from one another 
according to the inclination of the ground and the weight of tho 
grains of sand. In one place the sloping ground and the fineness of 
tho displaced materials permit drops and streamlets of water to 
descend in a straight line towards the sea ; in another the rivulets, 
making their w^ay with difficulty between tho obstacles that arrest 
them, flow in winding courses. Elsewhere, watercourses cannot 
even be formed. The water of the sea remains on a horizontal 
strand, and all the wavelets reproduce, in hollows or in relief on the 
sand of the bottom, all the movements which the breath of air im- 
presses on them. There is no appreciable difference between the 
varied surface of the shore exposed freely to the wind, and that of the 
•and which a thin watery bed covers, excepting perhaps that the fur- 
rows of the pool are more regular and deeply hollowed out. 

Among the innumerable phenomena that might keep a geologist all 
bis lifetime on the sea-shore, wo must include a kind of miniature 
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volcano. In breaking regularly on the shore, the wave brings each 
time a certain quantity of sand which it spreads in a thin layer. The 
air absorbed into the pores of the soil, immediately disengages itself 
in bursting bubbles ; but here there are always a great number of 
aerial particles which cannot penetrate the damp bed of sand, and 
remain enclosed. Under the influence of the warmth of the ground or 
of the surrounding air, these particles dilate little by little, the pressure 
of the gas raises the hardened coating, and forms a cone, which some- 
times bursts in consequence of the inward pressure, and throws out in 
volleys little spouts of sand-grains. It is true that unobservant 
persons walk over millions of these humble volcanoes without per- 
ceiving even one, but those who love the earth under all its aspects, 
and who contemplate with the same admiration the grain of sand and 
the mountains, can easily discover and study them. For the naturalist, 
who sees immense forests in every heap of alga* and a world of animals 
in the remains which strew the sand, the thousand wonders of the 
shore cannot fail always to awaken an intense pleasure. 
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CHAPTER XXII. 


OniOINOF ISLANDS.— ISLANDS OP CONTINENTAL ORIGIN. — BOCKS OP THE SHORES. 

ISLANDS OP DEPRESSION, ELEVATION, AND EROSION.— ISLANDS OP OCEANIC 
ORIGIN.— ATOLLS AND VOLCANOS. 

On viewing the great geological labours accomplished by the dash 
of the waves on the various coast-lines, savants have often asked what 
♦s the share the sea takes in the formation of islands. Among 
the lands which are scattered over the surface of the ocean, some 
disposed in groups or series, and others completely solitary, how should 
wo distinguish between those which the sea has detached from the 
continents, and those which have existed in an isolated manner from 
all times like separate worlds ? Is it even possible in the present state 
of science 1o attempt a classification of islands, according to their 
origin P Yes, this work may be commenced. By calling to our aid 
the new resources which botany and zoology offer to physical geo- 
graphy, we may affirm that, sooner or later, wo can indicate with cer- 
tainty the manner of formation, and the relative age of each oceanic 
country.* 

Firstly, it is evident that the islands, islets, and rocky ledges situ- 
ated in the immediate neighbourhood of the coasts, arc a natural de- 
pcndancyof the continents, and geologically make a part of thorn. 
At the base of the high mountains, which send far into the sea ad- 
vanced capes, similar to the roots of an oak, we may see in many 
places, so to say, the crests of the lateral chains continue under the 
surface of the ocean. The outline of the continental heights sinks by 
degrees ; to the mountains succeed the hills, and the promontory of 
rocks, wliose escarpments plunge beneath the even surface of the 
waters. An inconsiderable strait, simply a hollow where the waves 
meet each other, separates the cape from a less elevated island. But 
further on there opens a wide channel, and the peak which shows itself 
nt the surface on the other side of the submarine valley is no longer 
anything more than a needle of rock. Beyond stretches the open 

• See cipocially the worka of Oar^vin, XTallaco, and a Btudy by M. Oscar Pescbel, (kr Ur^ 
9prw^d$r Jan. and Fob., 1867. 
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Boa where the submerged ledges, if any still exist, are only revealed .by 
the whitening foam. On all the abrupt coasts these islets belonging 
to the primitive architecture of the continent are very numerous, and 
even in certain parts form real archipelagos. Norway, Western Scot- 
land, Chilian Patagonia, and all those countries where the Qords 
change the coast-line into an immense labyrinth, are thus bordered 
with innumerable islands, having likewise their indentations, their 
straits, and their girdles of islets. This is because, since the relatively 
recent retreat of the glaciers which filled all the space comprised be- 
tween the circles of snowy plateaux and the exterior promontories, the 
original relief has but slightly changed. The terrestrial alluvium 
brought down by the torrents has only filled up a small number of 
valleys ; and the bases of the islands and capes, plunging deeply 
into the waters, have not served as support to marine alluvium similar 
to that which spreads along the low coasts. Isolated rocks, which the 
ice formerly surrounded as it now surrounds the ‘‘ Jardiii'' of Mont 
Blanc, now rise in the midst of the waters, but they are not the less 
the salient j>oint8 of the continental relief; in shulloiver waters, w'hore 
the deposit of the marine alluvium would be easily accomplished, they 
would long since be joined to the shore. 

Among the islands which may bo considered as simple depend- 
encies of the great neighbouring lands, we must also class not only 
those which the marine or fiuviul alluvium has raised, simple emerged 
banks which are especially found along low coasts and near the 
mouths of rivers ; but likewise the islands which are due either to 
the rising or gradual sinking of the ground. Thus, the chain of 
insular downs which defends the coast-line of Friesland and Hol- 
land against the assaults of the North Sea, from Wangeroogo to tho 
Tcxel, is most certainly the remains of the antique shore ; and it is 
this rather than the half-submerged beaches of tho Dollart and the 
Zuyder Zee which marks the true boundary between land and sea.* 
On the other hand, the coasts of the Scandinavian peninsula, 
which rise slowly above the waves, have been enriched with now 
islands during the course of tho present geological epoch. In the 
maze of the Norwegian fjords, in the Lofoten Isles, in the Archi- 
pelago of the Quarken, hidden ledges have become visible rocks, then 
extensive islands where tho ftlg^o have been gradually replaced by a 
terrestrial flora. While the continent was encroaching upon the soa, 
the islets here and there have risen up and spread fur over the waters 
like the leaves of some gigantic plant. Tho insular rocks rise 

* See aboTG, p. 101. 
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fllowly from the depths of the ocean, elevated by the same force 
which raises the neighbouring continent. And is not a like pheno- 
menon accomplished on the coasts of Scandinavia ? Perhaps even 
the large island of Anticosti, which extends in the Gulf of St Law- 
rence over a length of more than 125 miles, is one of those slowly 
elevated lands, for, according to the testimony of Prof, Yule Hind, one 
does not find in the granitic valleys of its rocks either serpents or 
batrachians, as on the coasts of Labrador and Canada. If it is 
really thus we could hardly admit that Anticosti has ever been in 
communication with the continent of America, it must have emerged 
from the waters like the islets of the Scandinavian coast-line. 

It has happened differently with regard to Great Britain and the 
greater part of the islands which fringe the outline of the conti- 
nent. It is certain that England formerly made a part of Eu- 
rope. This is proved by the perfect agreement between the shores 
on each side of the Straits of Dover;* it is also proved by the 
fauna and the flora of the British Islands, in which all the animals 
and all the wild flowers are colonists from the neighbouring world ; not 
u single species belongs peculiarly as its own production to the soil 
of old Albion, t In the same manner, Ireland has been separated 
from Great Britain during the present geological period, and around 
the two principal islands, a number of secondary fragments, the Isle 
of Wight, Anglesea, and the Scilly Isles, have been similarly isolated 
in the midst of the waves. 

A multitude of islands, situated, like England and Ireland, in the 
neighbourhood of continents, are also simply fragments which the 
waves, aided perhaps by the gradual sinking of the land, have de- 
tached from the shores of the mainland. The magnificent Archi- 
pelago of Sunda, the Moluccas, and the neighbouring islands of Aus- 
tralia, present the most remarkable example of this breaking into 
pieces of the continental masses. A channel, nearly 19 miles wide, 
and more than 109 fathoms deep, passes between the two large islands 
of Borneo and Celebes, and continuing in a southerly direction, 
separates the two volcanic countries of Bali and Lombok, very near 
to each other. This channel is the ancient strait which served 
as the common limit to Asia and the southern continent. To the 
west, Java, Borneo, Sumatra, the peninsula of Malacca, and Cam- 
bodia, rest on a submarine plateau, which lies hardly 33 fathoms below 
the surface of the waters : to the east, Sumbava, Flores, Timor, the 

♦ 8ee in Vol. I. the section entitled, The nnd above, p. 14. 

t See below, the section entitled, Th« Earth and its Fiora. 
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Moluccas, New Guinea, and Australia, are likewise on a sort of 
pedestal, which sinks gradually, and upon which the zoophytes con- 
struct here and there long barrier reefs. Thus, as the naturalist 
Wallace has demonstrated by his researches in the Indian Archi- 
pelago, all the species of plants and animals differ completely on each 
side of the dividing channel. The fauna and flora are Asiatic to 
the west, while to the east they present the Australian type ; evei* 
the birds, fori whom a strait a few leagues in width would seem but 
a slight obstacle, are distinctly" diftbrent in each of the two groups of 
islands. 

Wc must therefore see in the Australian Archipelagos the wreck 
of a great continental mass, which must have divided into numerous 
fragments at epochs more or less distant from our time. We may 
say as much of the islands of -the ^dilgean Sea, of those of Denmark, 
of the Polar Archipelago, of the New World, of the maze of the 
Magellanic Islands, and of the greater part of lands which surround 
the shallower waters in the neighbourhood of the coasts. As to the 
great islands of the Mediterranean, Cy^prus, Crete, Srdly, Sardinia, 
Corsica, and the Balearic Islands, they are also very probably'^ the re- 
mains of more extensive countries formerly united to those continents 
now known as Europe, Asia, and Africa. For though these lands, 
with the exception of Sicily", all rise from the depth of abysses, 
liaving, on an average, from 500 to 1000 fathoms depth, nevertheless 
the fossil and liv ing species of the Meditcrruiican Islands do not diflbr 
from those of the neighbouring continents, and it is consequently 
there that we must sock their origin. From a geological point of 
view, one can even say that the count! ics of the western basin of the 
Mediterranean, Spain, Provence, the Italian peninsula, Tunis, Algeria, 
and Morocco, form with the neighbouring islands a whole much more 
precisclv defined than, for example, central Europe, from the Straits 
of Gibraltar to the shores of the Caspian. In spite of the depths 
which separated them, the coasts lydng opposite to each other, on 
each side of the Ty'rrhenian Sea, have preserved a similarity of 
phy"siognomy in the flora and fauna of the land. 

The Mediterranean Islands may thus be considered either as de- 
pendencies of the neighbouring continents, or, better still, as the 
remains of an ancient country partially swallowed up. Still, there 
exist in the midst of the sea insular masses in which geologists see 
nothing else than the witnesses of continental tracts which now have 
disappeared. Thus Madagascar, though sufBcieritly near to Africa, 
seems a sort of separate world, having a flora and fauna belonging 
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peculiarly to itself, and even possessing entire farnilioa, especially of 
serpents and lemurs, which have no other representatives iu our 
planet. Strange to say, even the island of Ceylon, half united to 
Hindostan by the rocks, islets, and sand-banks of the Punt-de-Ilaino, 
difiers much from the neighbouring peninsula by the general facies 
of its animals and plants, and we may question if, instead of being 
simply a dependence of Asia, it is not, on the contrary, the last 
remains of an ancient continent which extended over the area of 
the Indian Ocean, and comprised Madagascar, the Scycliellos, and 
other islands now almost imperceptible on the map. 

Among the fragments of vanished worlds, wo ought also probably 
to class the greater part of the Antilles and New Zealand. The larger" 
Antilles present a much more striking contrast with the countries of 
North America than that between Ceylon and the peninsula of tho 
Ganges. By elevation and geological character, Ilayti and Jamaica 
do not in any wise resemble the low lands of the American coast, 
situated on the other side of the gulf ; their veoctablo and animal 
species differ notably from those of the neighbouring continent, 
though winds, currents, birds of passage, and even man, have worked 
together for an unknown number of centuries to carry animals and 
plants from one shore to the other. As to New Zealand, it is quite a 
distinct world, whoso flora and fauna have an csscJitially original 
character. Neither the fossil nor the living species resemble those of 
Australia or South America.* And tho greater number of savants 
agree with the opinion of Ilochstetter, who sees in New Zealand and 
in Norfolk Island the fragments of a continent isolated ever since the 
commencement of tho Mesozoic period. While Great Britain may bo 
considered as a type of the islands scarcely separated from tho neigh- 
bouring continent, her fine colony at tho Antipodes represents, on the 
contrary, an ancient world, gradually reduced by subsidence and the 
erosions of the sea, to the dimensions of a mere insular group. 

The present shape of islands often allows us to recognize what was 
their earlier form when they extended over a much more consider- 
able space. By their outline, and ramifications, the mountain- 
ridges indicate in a general manner the first configuration : they are 
as the fragments of a skeleton around which we reconstruct, in 
thought, the contours of the ancient continental body. Besides, 
many of these, of which only the primitive skeleton remains, and 
whose ploios have disappeared, are indented in the most curious 
manner, and their shores often present the most fantastic outlines. 

* B«e b^w iha leotioni entitled, ha JSurth and Ut FiSra^ and, The Eatth and tie Fauna, 
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Thus, Choa-Canzouni, in the Archipelago of Comoro, is a group of 
two large islands, united by a sort of stalk ; Nossi-Mitsiou, in the 



Fig 84.— Clioa-Canyoniii. 


same region, resembles a trunk with two broken boughs; finally, 
Celebes and Oilolo, so remarkable by the parallelism of their gulfs 
and promontories, aeem to be both constructed on the same model ; 
and what wo know of the 'maouniains of Borneo allows us to believe 
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that if this large island were to be submerged beneath the sea, its 



Fiff. 85.— Nosai'Mltsiou. 


shores would rosemblef by their contour, those of its two neighbours 
in the sea of the Moluccas.^ 

Beside these fragments of ancient or modem continental masses, 
all the projections which show themselves above the level of the 
* Oscar Pcschal, 1868. 
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ocean are either built by zoophytes, or else cast up by volcanos from the 
bottom of the sea ; one or the other is, without exception, the origin 



Fig 8G —Celebes and Gilolo. 


of all these inlands. Tlie first, as we know,* are disposed in afo/h, or 
annular reefs, formed themselves of rings of smaller dimensions, while 
cones of lava, that are elevated in the open sea, rise proudly above 
the waves, and reveal the independence of their origin by a declivity 
which is continued pretty regularly below the waters. Still we can 
SCO by the example of the volcano of Stromboli, and more plainly 

t; 

o 

<n 

o 

•1 



* See in Vol. I. the Motion entitled, 27ia Slow OociUatwm oj th» TerrooirUA Soil; and U« 
low that entitled, Th$ Eorth and tts Ikuna, 
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Btill by that of tbe island of Panaria, that the wares constantly 
lessen the submarine slopes by distributing to a distance the lava and 
cinders rejected by the craters. 



t.tit 


. t* t 


Fig. 88.— Section of Ftoaria* from N.W. to S.E. 

Compared with the lands of continental origin, the truly insular 
masses composed of lava, or built by the coral animals, have relatively 
a very slight extent. It seems that, according to the general arrange- 
ment of the globe, the separatidn must at first have been much more 
marked between the sea and the emerged lands. On one side great 
continuous countries, on the other desert oceans, appears to have 
been the natural distribution. But the incessant work accomplished 
on our planet, as on all the stars of heaven, has infinitely modified the 
form of the continental surfaces and the channels which separate 
them. In the same way as by its rains and snows the sea has scat- 
tered lakes over the regions raised above its level, and traced the in- 
numerable valleys of tho water-courses, so have the lands given to 
ocean those myriads of islands and islets which vary its surface so 
gracefully. Tho alluvium of the rivers, tho erosive power of the 
waves, the internal forces, which slowly raise or depress vast countries 
or cause cones of lava to spring up suddenly from the deep ; finally, 
the numerous organisms which assimilate the various substances con- 
tained in sea- water, have all worked in concert to scatter here and 
there islands of different forms and sizes, some in larger, and others 
in smaller groups, or even completely isolated. Later, tbe winds, 
rains, monsoons, and other meteoric influences of the atmosphere ; 
the oceanic currents, the ebb and flow, the undulation of the waves, 
all which moves and floats in the water and in the air, birds and fish, 
seaweed and drifted wood, foam and dust — have never ceased to act 
directly or indirectly, to introduce life into these islands, to people 
them with species of animals and plants, and thus to prepare them 
for the abode of man. 
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BOOK V.— THE DUKES. 


CirAPTEIl XXIIT. 

DUNES RESULTING FROM THE DF700AI POSIT ION OP HOIKS.— FORMATION OF MOVING 
DUNES ON THE SCA-SIIOUE — SYMML.JTtlCAL DlBl’OSITlON OF RIDGES OF SAND. 

It is principally upon the sandy beaches of the ocean that those 
changing hillocks known under the name of difncs rise in long rows. 
Nevertheless, the phenomenon of the elevation of the sand in moving 
hills may also occur at a groat distance from the present sea-shore. 
Dunes are formed on all jioints of the globe wliere the wind finds and 
drives before it light sandy materials; but we must remark that 
these substances only exist in considerable quantities on the shores 
of the sea andjarge lacustiine basins, at the bottom of ancient gulfs 
and straits transformed into deserts, on the banks of rivers, which roll 
sand along their beds, and which are exposed to frequent changes of 
level by the alternation of droughts and inundations. It is the waters 
which, by their destructive action on the cliffs, prepare the sandy par- 
ticles necessary for the construction of dunes ; and this origin allows 
us to consider the shifting ridges of sand, whatever bo their distance 
from the shore, as products of the ocean. 

In #11 the great deserts of Asia and Africa, we see some of these 
terrestrial waves caused hy aerial currents.* Some exist also on the 
banks of the Nile and other great rivers. Even in France very fine 
dunes about 30 feet high riso on the banks of the Garden imme- 
diately below the celebrated Roman bridge ; it is the mistral which 
has raised them. In leaving the gorge which encloses it, this wind 
seizes the particles of fine sand left on the shores and dried by the 
sun, and deposits them at the entrance of the plain, where it spreads 
over a wider extent, and loses iii intensity what it gains in surface. 

A certain number of dunes have been formed on the spot during 
* Sec in Vol. I. the iccUon entitled Fhint, 
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tho course of centuries by the disintegration of freestone rocks. 
Fogs, rains, frosts, and other atmospheric agents, gradually wear 
away the stone and transform it into sand, which falling leaves 
fresh beds at the surface. These are subject in their turn to the 
destructive meteoric influences, and it is thus that the rock, once 
solid, is gradually changed, often to a considerable depth, into a mass 
of crumbling sand. The grains chafed against each other during their 
fall become finer and finer, and when the wind is high, it can carry 
away these sandy particles, cause them to ascend the slope of the talus, 
and sometimes even raise them in clouds like the smoke of a volcano. 
Nevertheless, the dune, still enveloping a solid kernel and composed 
in great part of grains heavier than those of the sea-coast, is not 
entiivly displaced by the action of storms; it only takes another form 
in consequence of the gradual change of its slopes. Several moun- 
tains of this kind near Ghadames, which were formerly rocky hills, 
rise to IbO and (iOO feet high. One of them, which is not less than 
510 feet, has an inclination of 37 degrees on the side exposed to 
the wind ; nearly the greatest slope that a tains of sand can pre- 
sent.* 

As to dunes properly so called, those which are found far in the 
interior of continents cannot be ’compared in importance with those 
which arc developed in long ridges, parallel to tho sandy shores of 
the sea. On the strands of the ocean which arc not rocky the ex- 
istence of dunes is almost constant ; the only low shores wliich 
are destitute of them are those which the waves have formed of 
clayey substances, of compact mud, or sand much mixed with animal 
and vegetable detritus, Tlie sandy shores of the Mediterranean, of 
the Baltic, and other inland seas, where the tides are hardly percep- 
tible, also present very insignificant dunes, because the want of ebb and 
flow docs not allow tbe sand to acquire sufficient mobility. We see, 
however, some more than 00 feet high between Vera-Cru^ and 
Tampico, on the shores of the Gulf of Mexico, where the tides are 
voiy slight. On all oceanic coasts, the sand of which is loose enough 
to allow itself to be raised by the wind, the formation of dunes is 
accomplished with perfect regularity. 

These hillocks rising, so to say, beneath the very eyes of the ob- 
server, it is not difficult to follow their progress, nor to offer a theory 
regarding them. The waves constantly agitating the shifting found- 
ation of the shore, become charged with arenaceous matters, and 
spread them in thin layers over the strand. Then, at low tide^ 

• YatUme, Mmion 4$ Qhtidamit ; Barth, Zfittchri/t fur die Erdhmde^ March, 1864. 
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the grains of sand soon become dry, and cease to adhere to each 
other, and thus allow themselves to be carried towards the land by 
the wind from the open sea. These are the materials of dunes. 
If the shore rises towards the interior of the continent in a per- 
fectly even manner, this sand, cast up by the waves above the 
sea level, and carried far by successive gusts of wind, would ex- 
tend over the ground in la^’ers of uniform thickness ; but the 
inequalities of the surface prevent this. Pebbles, branches and 
trunks of trees covered with shells, plants and bushes with tough 
roots, project above the beach, and oppose the advance of the 
wind, which glides over the ground, carrying the grains of sand 
that have remained on diy land. Those slight obstacles suffice to 
determine the origin of dunes by obliging the breeze to let fall the 
little cloud of arenaceous or calcareous dust with which it is charged. 
The horizontality of the shore is thus interrupted; rows of sandy 
knolls, which are subsequently to rise to real hills, commence to be 
traced upon tbe ground. 

When the wind from the open sea blows with sufficient force, we 
can not only witness tbe growth of tbe dunes, but we can also aid in 
their form ition, and verify by direct experiment tbe assertions of 
theory. If we deposit some object on the ground, or, better still, 
thrust a row of stakes into the sand, perpendicularly to tho direction 
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of the wind, the current of air which strikes against the obstacle will 
instantly rebound to form an eddy or whirljx)ol, the diameter of which 
is always proportioned to the height of the stake. Arrested by this 
eddy, the grains of sand carried by the wind are gradually deposited 
on the near side of the barrier, till the summit of the miniature 
dune is on a level with the imaginary line leading from the shore to 
the upper end of the obstacle. Then the sand driven by the breeze 
from the sea, which ascends the inclined plane presented by the 
front of the hillpck, no longer allows itself to be carried in the eddy 
and brought back. It crosses the little ravine which the gyration of 
the air has produced in front of the palisade, and falls beyond it to 
accumulate gradually on the other side of the obstacle, taking the 
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form of a desconding talus (Fig. 90). It is due to the knowledge of 



Pig. 90.— Foimation of Sand Dunes. 


these facts, that we are able to force the elements to construct a pro- 
tecting rampart of dunes on various points of the coast threatened 
with erosion by the waves of the sea.* 

Si^ are always the commencement of dunes, whatever bo the 
objaiCwhich opposes itself to the wind. It is easy to convince one- 
irft of this by the sight of the houses or huts which the Custora- 
llouse officers and shepherds erect in the sandy hollows of the dunes 
of the Landes, not yet fixed by seedling trees. On the side to- 
wards the sea, which is also that from which the wind blows in 
terrible gales, the dwelling remains separated from the talus of sand 
by a ditch of defence, as regular os if it had been hollowed out by 
the hand of man ; but on the side which fro.nts inland the sand is 
gradually heaped up, and if it is not swej^t away, does not fail to rise 
soon to the level of the roof. 

On the slightly-undulating plateau which extends at the foot of the 
grand pyramids of Egypt we can .ibIso study the same phenomena. 
The winds from the east and north-east, which strike against the 
eastern face of the enormous masses of stone, rebounding and de- 
veloping their reflected waves on the ground, do not allow the sand 
to bo deposited on the lower steps of the edifices. It is only at a 
certain distance, at the precise spot where the current is neutral- 
ized by the masses of air coming directly from the east, that the 
dunes can form. To the west of the pyramids, on the other hand, 
long mounds of sand, more or less inclined^ support themselves 
agEunst the base of the monuments. In the same way, at the foot 
of certain cliffs of Liguria, where the sands accumulate in dunes, 
there always exists a sort of trench between the rock and the mov- 
ing heap. 

When the labour of man does not intervene to arrest the progress 
of the dunes formed on the sea- shore, the various obstacles which 
have determined the accumulation of the sands disappear at first on 
* See below the Notion entitled, Th$ Work of Man, 
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the desoendixxg side under successive beds ; then when this part is 
entirely hidden, the front begins to be buried in its turn. The wind, 
instead of developing itself according to a horizontal plane, as on the 
surface of the ocean, is obliged to take an oblique direction to ascend 
the slope of the dune. As soon as it is sufficiently elevated, the at- 
mospheric current passes freely above the obstacle which arrested it 
before, the little eddy which revolves in front ceases its gyrations, 
and nothing then hinders the sand from gradually filling up the 
ravine which the aerial current had maintained in front of the bar- 
rier. Soon the summit of the dune coincides with that of the 
obstacle : the latter disappears completely, and the hillock, growing 
like a wave which approaches the shore, and constantly raising its 
crest higher, which is incessantly displaced, continues to encroach 
upon the land. The various strata of sand which the wind from 
the open sea successively brings to the summits of the dunes, spread 
in largo sheets over tlie descending talus, and glide down to the 
base. In the Landes of the Gironne the western slope of the dunes, 
whose base is not worn away by the sea, is, on an average, from 7 to 
12 degrees. The eastern slope, which is that of the descending 
talus, is from 29 to 32 degrees ; that is to say, throe times us great. 
It would be 45 degrees if the rains did not make ravines in the 
talus and thus prolong the inclination.* 

Thus the dunes incessantly gain, owing to the new layers of sand 
added to their changing talus. But the action of the prevailing 
wind does not limit itself to fticreasing them; it ends by dis- 
placing them entirely, and making thorn, so to say, travel over the 
ground. The object at the base of which the eddy of air had de- 
posited the first grains of sand is at length decomposed ; inclemencies 
of the weather, insects, moisture, and chemical agencies destroy it, 
and when it has disappeared the sand w^hich it retained shifts again. 
The wdiid, which only carried away the superficial beds of the dune 
to replace them incessantly by new sheets of sand, can now carry 
away all the anterior part of the hillock ; it lengthens the descending 
talus at the expense of the shore side, and the base of the hill, worn 
away by the wind, constantly retreats from the shore. The dune is 
on the inarch ; it advances inland. Such is the mobility of the sands 
that even when the waves erode the foot of the dune, and force it to 
fall into the sea, the summit does not the less advance towards the 
continent. Destroyed on one aide it invades on the other, like those 
voracious insects which, even when cut in half, do not cease to eat. 

* Baulin, Oiografh*it Gii‘<mdin$, 
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The high dunes of Lagrave, to the south of Arohachon, are the most 
curious in this respect ; below, the sea forces them to fall in ; aboTe, 
they bury the pine-trees in their invading masses of sand. 

The most favourable days for observing the progressive march of 
dunes are those when a gentle breeze, strong enough however to 
drive the sand before it, blows in a perfectly uniform manner. From 
the top of the dune we see innumerable grains of dust swiftly scaling 
the slope. Glittering in the sun, and whirling like the midges in a 
fine summer’s evening, they attain the summit, then accumulate in 
the form of a cornice on the other side of the ridge, and from time to 
time occur little falls, which spread over the surface of the talus, 
like sheets of water over the sides of a rock, and whose contours re- 
mind one of light draperies covering one another. When a high 
wind blows with violence, and in successive gusts, the encroachments 
df the dune are accomplished in a manner much more rapid, but 
often much more difficult to observe. The summits of the hillocks, 
which are enveloped in clouds of dust, resemble volcanoes vomiting 
smoke ; the front of the dune is furrowed and scooped out by the 
wind ; masses of sand, laden with marine remains brought by the 
storm, fall down with an audible sound, and are disposed in unequal 
layers over the descending talus. A section taken across a dune 
would permit us to count and measure the different strata varying 
in thickness and composition, which the winds have successively 
brought. Here W’c find a fine sandlike dust; there, a stronger 
wind w^as charged with a heavy shelly sand ; while, again, a storm 
has carried away entire shells, branches, and waifs. However, the 
particles transported by the wind are, in general, all the finer the 
further they are from the sea, and this is reasonable, for they must 
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fly more easily the less resistance they offer to the aerial current which 
boars them. In the narrow rows of dunes which border certain parts 
of Ae coast of the Mediterranean, we can clearly see over a breadth 
of some hundreds of yards, the moving materials succeed each other, 
distributed according to their weight. First, there are the frag- 
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xnents of shells^ then the large arenaceous debris, then the fine 
Bands.* 

If the inclined plane which the dune turns towards the sea re- 
mained perfectly even, the zone of the shore would only present, in 
all its extent, a single rampart of sand gradually encroaching on the 
lands. But at length the slope of each dune cannot fail to offer 
some inequalities caused by foreign bodies, or by plants that take 
their origin in the sand. All the salient points strong enough to 
resist the wind serve as supports to new dunes, grafted, so to say, on 
the sides of the ancient one. These new dunes themselves bristle 
with irregularities, which other sand-biHocks soon cover, and it is 
thus that all those ranges of moving hills arise, which arc separated 
by long and narrow valle3’S, called httes or Vvdea by the peasants of 
the French Landes. In certain places, especially between Biscarosse 
and La Teste, these ** lettes,** for a length of several leagues, •resembre 
the dried-up beds of large rivers, surrounding largo islets of verdure 
with their sandy waves. 

Notwithstanding the apparent disorder of these ^hillocks, in the 
midst of which an inexperienced traveller might easily lose his way, 
the general disposition of the sands can always be referred to a uni- 
form type, which local geographical facts variously modify, such as 
the contours of the marine shore, the nature of the soil, the force and 
direction of the winds, the presence or absence of vegetation. The 
dune nearest to the sea, and, in consequence, the most recent, is 
less elevated than the older hillock situated immediately beyond ; 
and this in the same way attains a less considerable height than the 
following hill. In a system of dunes, generally each range which is 
developed further inland exceeds the preceding ones in elevation, 
and forms, as it were, a new stop on the slope of the great primitive 
dune which serves as an acant garde to the army of sands. This last 
dune, the true crest of the entire system, enlarges itself, little by 
little, with all the materials w'hich have served for the formation of 
the inferior dunes situated on the side nearest to the sea. The grain 
of sand which the air carries to the summit of the first hillock, and 
which falls afterwards into a ravine, may remain during centuries 
under the superincumbent masses ; but owing to the constant pro- 
gress of the dune, the superficial layers of which are swept by the wind 
and then let fall by it further down the talus, this grain of sa^ at 
last reappears, is carried anew to a summit, it descends again, and 
thus does not cease to travel from dune to dune, to the last. 

* Marcel da Serres, BulUtin Qdologiqmd^ ISdS. 
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As the innumerable arenaceous particles are moTed by virtue of 
rigorous laws, we can consequently measure the force of the winds, 
by the height of the mass, and the rapidity of the displacement of 
the hillocks. Attentive observation permits ua, in the same way, to 
compare with each other the various atmospheric currents Vhich 
drive the sands onward, and to indicate exactly the one whose 
action is the most energetic. Thus, in the Peninsula of Arvert or 
La Tremblade, situated between the mouth of the Gironde and that of 
the Seudre, the chain of dunes rises gradually in a northerly direc- 
tion, and it is at the northern extremity that the highest hillock is 
found. This phenomenon is explained by the frequency and intensity 
of the south-west wind which blows in these parts ; in virtue of the 
parallelogram of forces,” it carries the sand further and higher than 
the winds from the west and north-west can. 

Every isolated dune assumes clearly-defined contours, resembling 
those of a crescent. It is easily understood why the hill must ad- 
vance in such a manner as to project a curved point on each side of 
its principal mass. The grains of sand which the wind causes to 
ascend the height of the central part of the dune have to describe 
a longer path and to slide further down the counter-slope than the 
particles of the two lateral extremities. They proceed consequently 
with less speed ; the ends, exceeding in rapidity the rest of the dune, 
bend forward, in the shape of advanced horns, and give the whole of 
the moving hill the aspect of a volcano whose crater has fallen in. That 
which contributes still more to cause these sandy hillocks to assume 
this semi-circular form is, that the prevailing wind does not always 
blow perpendicularly to the mass of the dune. Its direction is often 
oblique ; now in one direction, and now in the other. It then makes 
the wings of the dune, the crest of which it strikes at right angles, 
advance more rapidly. 

In the desert of Atacama, the Pampas of Tamarugal, in the plains 
of Texas, in the Sahara of Algiers, in the Nubian deserts, and in 
almost all the regions traversed by shifting sands, the crescent-shaped 
dunes present such a regularity of form that all travellers have b^n 
struck by it.* The Landes of Gascony also offer remarkable ex- 
amples of this semicircular arrangement of the crest of the dunes. 
In the environs of Arcachon and La Teste all these hillocks have the 
appearance of fallen-in volcanoes, and are distinguished by the rich 
vegetation of broom and bushes which fill their craters or croukots. 
In those parts of the coast of the Landes where the crater-shaped 
* Pceppig, Meyen, BolUert, Gillis, Laoront, Georges Pouchet 
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form of the dunes is obliterated, it is evidently because two or more 
hillocks have been united, and, so to say, amalgamated by the im- 



Fig 02 "Crrsoeiit-ihaped Dunci 


petuous wind which blows from the sea. However, wo can account 
to ourselves for all these phenomena by sludging the little swellings 
of sand, or minhiture dunes, which are formed in thousands on the 
marine shores. 
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CHAPTER XXIV. 

HEIGHT OP THE HILLOCKS. — ADVANCE OF THE DUNES — DISPLACEMENT OP 
“ETANOS.” — DIBAPPEABANCE OP VILLAGES. 

In Europe the highest hillocks of sand are found on the coast-line of 
the Netherlands, on the Atlantic coasts of France, and in Scotland 
on the shores of the Firth of Tay. As to the dunes of the Medi- 
terranean, they are generally lower than those on the coast of the 
ocean. The gulfs of the south of Europe having a hardly percept- 
ible tide, their sandy shores are not incessunlly displaced, like 
those on the strands of the ocean, and consequenctly they are less 
exposed to the winds which drive before them the finest par- 
ticles. It is to the north of Africa, round the gulfs of the 
Syrtes, where the ebb and flow have the greatest development, and 
where sandy beaches occupy vast tracts, that the Mediterranean 
dunes attain the most considerable height. In France, those that 
ore seen from Port Vondres to the mouths of the Rhone, hardly rise 
to more than 18 or 21 feet in height, because the banks on which 
these hillocks are formed have not a sufficient breadth, and above 
all, because the prevailing wind, the mistral, blows from the north- 
west, and carries the sand from the ^taugs into the Mediterranean. 

On the coast of the Ijandes of Gascony, whore the waves of the 
sea bring six millions of cubic yards of sand each year,* a great 
many dunes exceed the elevation of 225 feet. There is even one, 
that of Loscours, whose long ridge, parallel to the sea-shore, attains 
261 feet in several places, and raises its culminating dome to a 
height of 291 feet. It is true that this height seems to mark in 
France the extreme limit of the ascent of the sand, for the ranges of 
dunes situated to the east of the dune of Lascours, are far less 
elevated. One would be tempted to admit that, after having arrived 
at this great height, the lower strata of wind from the west, com- 
pressed by the more elevated masses of air, have not the necessary 
power to cause the particles of sand to mount again, and are 
* Laval, AnnaUa dea Hmta^at-Chameaa^ 1842. 
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obliged to descend towards the plains of the interior, taking the 
crests from the hills previously formed. In Africa, on the low shores 
where the ocean Ibathes the great desert of Sahara, the enormous 
quantity of sandy materials that the eastern winds bring from the 
desert, and which the west wind drives back to the interior, permit, 
it is said, the dunes of Cape Bojador and Cape Verde to attain an 
elevation of from 390 to nearly 600 feet.* 

The highest dune in the New World is perhaps that of Morro- 
Melancia, near Capo St. Roch, neaily 150 feet high ; it rests on one 
side against a wooded hillock. 

To the eyes of a traveller accustomed to the ascent of the Alps 
and the Pyrenees, these are very humble summits ; yet these heights 
of sand assume the aspect of actual mountains, and their chains, 
arranged parallel to the shore, liko ranges of enormous waves, seem 
to constitute an entire orographical system. Their bold taluses, their 
solid ridges, cut as with a chisel, the regular form of their tops, 
the general harmony of their contours, unceasingly^ varied at the 
will of the wii..d, give them an astonishing appearance of grandeur. 
The very even base-line which the sea-shore presents likewise aids 
to the illusion by contrast, and contributes to the grand aspect 
of these white hills. The old name, at once Celtic and Latin, of 
the dunes (dun), which was applied to mountains and steep hills, 
and which we still find in the names of several towns — Verdun, 
Loudun, Issoudun, Saverdun, proves that our ancestors had been sin- 
gularly struck with the bold form of the sandy hillocks of the coast. 

While gaining incessantly on the plains of the interior, the dune 
buries, without destroying, all solid objects, stones, rocks, trunks of 
trees, or human dwellings. Sometimes even it entirely covers pools 
of water, and causes them to disappear for some time under its 
sloping talus. When the sand brought by the wind falls regu- 
larly on a sheet of water, stagnant or covered with scum, it often 
forms a fine layer, completely veiling the water which beans it, 
from view. This bed can become solid enough to remain in equi- 
librium even when the level of the sea falls below it, and soon 
the particles of sand, dried by the solar rays, no longer betray the 
existence of the hidden pitfall. The herdsman or animals which set 
foot on the surface of the hlome are suddenly engulfed more or less 
deeply, and the waters of the pool rise around them. Most fine- 
quently they escape with the fright. Little by little the crumbling 
Sand is leaped up; they allow the bottom to be oousolidatedi then 

* Oirl Bitter, 4/) £lba. 
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quietly raising one leg, they wait till a sort of step is formed, and 
thus mount from stair to stair. 



Tig 98 Sttngi " or littoiml tokoi of Oanu, Forentls, and AuroilhaiL 

If little pools are sometimes apparently swallowed^ the more 

r 
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considerable masses of water, situated at the base of tbe dunes, are 
continually driven back into tbe interior. The rivers, arrested in 
their course and changed into marshes, are also forced to retreat, and 
mix their waters with those of the pools. This formation of lakes 
and marshes, parallel to that of the dunes, is one of the most remark- 
able features of the coast-line ^f the French Landes. A row of 
ponds, differing in form and size, but all situated at a nearly equal 
distance from the sea, is prolonged over a space of 125 miles. One 
large bay, the basin of Arcachon, has been able to maintain a wide 
communication with the ocean, owing perhaps to the river which it 
receives from the interior. But all the other sheets of water, to the 
north the 4tangs of Hourtin and Lacanau, and to the south those of 
Cazau, Parentis, Aurcilhan, St Julion, Looi^, and Soustons, only 
communicate vdth the sea b}’' tortuous and rapid streams, and arc now 
at a level considerably higher than that of the sea. 

The (Stang of Cazau, the most elevated of all, and that which has 
been driven gradually inland by the strongest diws, spreads its 
sheet of water at an altitude varying from G3 to 60 feet, according 
to the seasons. It has not less than 14,826 acres of mean superfi- 
cies. The spectator who contemplates it from the top of a hillock 
would think he saw a vast marine bay, for a great part of the op- 
posite shores escape the eye, and the isolated trees which mark afar 
off the distant bank, resemble a fleet of ships at anchor in a road ; 
the white boulders of sand, of a trmngular form, which are per- 
ceived at the foot of the green dunes, and which appear like so many 
sails of sliips skimming along the coast, increase the illusion. Never- 
theless, it is probable that the ftang of Cazau was formerly a gulf 
of the ocean, for the bottom of this small inland sea is still found to 
be 30 feet below the marine level. The fishermen, who are the 
best authorities in such matters, uniformly attest, that in the 
lowest parts of the pond, the lead touches the sand at 15 fathoms. 
They also assert that it formerly communicated by deep trenches 
with the sea, and they even indicate the bay of Maubm^ as hav- 
ing been the ancient port, and trace the direction followed by the 
channel in the middle of the dunes. In the same waj^, the fisher- 
men of the 6tang of Hourtin still show the site of the old port of 
Anchiso. 

It is easy to explain the gradual transformation of the ancient 
Qulf of Cazau, and other marine bays which indented the now uni- 
form coast of the Jjandes. Separate from the ocean at first by a 
slender ridge of sand, os is often formed on low beaches, these bays 
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\9hich are obanged into ponds, have been gradually driven inland by 
the parallel rows of dunes. Under the enormous pressure of the 
sand they have climbed, so to say, the slope of the continent. At the 



Fig. M.— Formation of **Etangs.*' 

same time the rains, and rivulets, arrested in their course, have in- 
cessantly brought their contribution of fresh water to the new lakes, 
while the salt water retreated gradually by natural channels between 
the hillocks. Thus the grains of sand which the wind drives before it 
have suflSoed, in the course of centuries, to change gulfs of salt water 
into ponds of fresh water, and curry them into the interior of the con- 
tinent, to a height considerably above the Atlantic. 

The same phenomena occur also in the sandy islands which are 
found in the middle of the sea. The greater part of these islands 
have a perfectly regular form, due at the same time to the currents 
which bathe them, and to the winds which foi^m the dunes. In 



Fig. 05.— Isle Thelei^i in the Gupien Sea. 

the centre of the triangular or orescent-shaped space which they sur- 
round with their moving hillocks, they enclose one or several ponds, 
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which formerly were a part of the sea, and which have transformed 
themsolves by degrees into pools of saltish and finally fresh water.* 
In Sable Island, situated not far from the mouth of the St Law- 



Pip 90 —Sable Inland 


rcnce, wc can observe this phenomenon of transition actually in pro- 
gress. While thX3 large lagune of the interior, too extensive to be 
rapidly purified, is still tilled with salt water, the small ponds lying 
between the dunes aic already fresb water. 

Numerous have been the disasters occasioned by the invasion of 
dunes or ponds during the historic era. The villages situated at the 
eastern base of the dunes of Gascony, on the shores of tlie ponds, 
must be moved from time to time to\iards the cast, for fear that they 
should be swallowed by the sands or the waters. At the approach of 
the danger the threatened inhabitants sometimes attempted a vain 
resistance. As soon as an east ^ ind succeeded to the regular winds 
from the west, licrdsmcn and lubourors, armed with spades and pick- 
axes, repaired in all haste to the top of the dunes, and, filled with a 
purposeless ardour, they destroyed the crest of sand, and delivered it 
to the power of the wind. But the regular winds soon brought back 
the sand again, the dunes recomindbred their advance, and routed the 
army of peasants. For fear of being buried they were obliged to 
destroy their huts, in order to can*} away the materials and build 
new dwellings at a certain distance inland. Years and centuries 
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passed ; but the dunes and the ponds constantly advanced, and the 
inhabitants were again condemned to transport their villages into the 
midst of the heaths. These wore foreseen misfortunes, and the 
chronicle preserves silence as to the successive emigrations ; it con- 
fines itself to mentioning the names of some churches which wore 
obliged to bo abandoned to the sands and reconstructed far on the 
plateau of the Landes. Thus we know that the church of L<^ge was 
re-built in 1480 and in 1650, the first time at 2^ miles, the second at 
nearly 2 miles further inland ; but the halting-places of other local 
monuments of the same district are not known in an exact manner. 
As to the now vanished towns of Lislan, Lidos, and many others, 
their ancient situation is unknown. After having lost its port and 
its hamlets, the township of Mimizan, formerly very important, was 
about to be entirely buried when, at the last moment, they succeeded 
in fixing the dunes by palisades and plantations. The semicircle of 
invading hills, like the serrated mouth of a crater, still seems to be on 
the point of devouring the houses. 

Dunes have often been compared to gigantic ^nd- glasses measur- 
ing time by the progressive march of their sandy talus. The com- 
parison is just, for the western winds, which eflect all the changes on 
the coast-line of the Landes, obey at present the aame laws as they did 
thousands of years ago, and very probably their force has not changed 
during that interval of time. The dunes, the ponds, and even the 
villages on the shores, may thus be considered as rpal geological 
chronometers ; but, unfortunately, the indications that they furnish 
have not yet been deciphered with any certaint 3 % and now that the 
dunes are fixed, it is too late to undertake this study. The illustri- 
ous Bremoiiticr (whoso book, printed in the year 1707,* is still an 
authority on the question of moving sands) collected during eight 
years a scries of observations which have given an average of from 
22 to 27 yards for the annual progress of the dunes of La Teste. 
This result agrees in a remarkable manner with the indications fur- 
nished by the encroachments of the dunes of L<^ge during the last 
four hundred years. In admitting as normal the average calculated 
by Br^montier, one would arrive at this conclusion, that in the lapse 
of twenty centuries the dune would be able to invade the entire dis- 
trict of the Landes and cover the town of Bordeaux. A thousand 
years would even have sufficed to transform the fair plains of Bor- 
delais into marshes, for the ^tangs constantly driven back by the in- 
vading dunes, would have spread on the eastern side after having 

* M^otre iur U» JDmiim. 
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passed the culminating line of the plateau of tho Landes. Researches 
undertaken in other places would have doubtless conhrmed the ob- 
servations made by Br^montior ; but in the absence of these, we can- 
not accept measures taken at the foot of a group of isolated dunes as 
applying to the host of sands from Bay’^oniie to the Point de Grave. 
In order to pronounce definitely, we must wait for observations which 
will not fail to be made one day, on the advance of the dunes in all 
those parts of the globe where these hillocks have not yet been 
arrested. 



OBSTACLES TO DUNES. 


21S 


CHAPTER XXV. 

OBBTACLKS OPPOSED BT NATTJEK TO THE PBOOBESS OP DUSES. — PIXATION OF 
THE BANDS SEEDS. 

The work of nature is, however, double; and if on one side she 
hastens the advance of the sands, on the other she attempts to arrest 
them. She herself points out the xhcans of prevention, or else pre- 
vents spontaneously the disasters of which she is the cause*. In certain 
places, and especially on a part of the coasts of tho Landes, she 
exercises a physical and chemical action by employing the oxide of 
iron which the water contains to consolidate the sands arid transform 
them gradually into actual rocks. Elsewhere organic cements, cotn- 
posed of broken shells and remains of silicious and calcareous infusoria, 
agglutinate tho arenaceous particles, ajad give them the necessary sta- 
bility to resist the winds. But these means of consolidating the 
sands are exceptional. It is principally vegetation which fixes the 
moving hills on tho sea-shore. On almost all coasts the sandy and 
calcareous debris of the soil contain enough fertilizing principles to 
nourish a certain number of hardy plants, which do not fear the salt 
air of the sea, and which send down^their roots to a great depth, so 
as to absorb the necessary moisture. Among these hardy veget- 
ables the commonest, and most useful at the same time, is Mnrram- 
^rass [Arundo arenaria), whose slender and flexible stems can hardly 
arrest the wind, but whose strong roots, sometimes 12 or 15 yards 
long, develop all the better the less consistence the sand has. 
Various species of convolvuli creep over the ground, and fixing 
their vigorous cordage from place to place, sometimes envelop an 
entire dune in their network of leaves and flowers. Other plants 
rise more proudly, but if their stem is buried in the s^ds they trans- 
form it into a root, and give birth to a neW shoot, which may be in- 
terred in its turn, without the plant being in danger of perishing. 
Thus such a seed germinating at the base of the dune often pro- 
duces a plant which ends by spreading to the summit of the moun^ 
tain, and fastens by a cable of roots the arenaceous strata which the 
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creepers of the convolvulus fix on the surface. A number of plants, 
whose frail stems are half buried in the sand, are, perhaps, con- 
temporary with the dune itself ; ^ perhaps even they existed before 
mankind had a history. 

In this strife between the force of the winds and the power of vege- 
tation, the definite issue depends at the same time on the climato- 
logical conditions, the nature of the soil, the form of the ^ore, and 
various other circumstances, among which we must rank, in the 
first place, the havoc caused by men and animals. In South America, 
on the shores of those tropical countricb where the development of 
plants is favoured, according to the seasons, by an extreme heat and 
by torrents of rain, and where the sands contain a considerable pro- 
portion of animal and vegetable remains, most of the dunes are 
already fixed at a few yards from the sea by mimosas, cactuses, And 
thorny trees. However, on the eastern shores of all the rivers of 
equatorial Brazil, which discharge themselves near the mouths of the 
Amazons, we see, even somewhat fur from the sea, ranges of dunes 
from 25 to 50 feet in height, which move incessant Iv*, driven by the 
breezes of tho trade winds. f This mobility of the sands is undoubtedly 
connected with this fact, established beyond question by Coutiubo 
and Agassiz, that the shores are depressed in that part of Brazil, and, 
consequently, they incessantly change their form, so that the dunes 
have not yet had time to be fixed. 

In Europe the flora of the sands is less rich than in equatorial 
countries. On tho coasts of Jutland it is composed of only 234 species 
of plants, very insignificant for the most part,J and the “white*' 
dunes of the Danish peninsula, as well as those of Gascony and Hol- 
land, have also not enough cohesion to resist the furious western 
winds which assail them. It is probable, nevertheless, that even in 
the countries of the temperate zone the modest herbaceous vegetation 
of the sands of the coast could, after a certain lapse of centuries, 
acquire the strength necessary to fix the dunes, and prepare, by the 
slow accumulation of its remains, a vegetable bed, where large trees 
would grow spontaneously. 

If it were not so, it would bo difficult to understand how all the 
dunes of Europe were originally covered with forests. According to 
the unanimous testimony of the ancient geographers, the woods ex- 
tended to the sea-^hore in those plains which are now the Nether- 

* Aug. Pyr. ts Candolle ; Elie de Beaumont, 
t Bwvt Mariiim $i (hloniak^ 1866. 

% Andreoen, Om Klitfortnathntn ; Marsh. 



FORESTS GROWING ON DUNES. 


217 


lands, and the Batavians, the Angles, and the Frisons had no special 
word in their idioms which designated a liillock of moving sand.* 
Neither the great geographer Strabo, nor Pliny, the encyclopedist, 
nor any other writer of antiquity, mentions the existence of hills 
driven by the wind, though this phenomenon was certainly of a 
nature to strike them. Under a great many of the dunes of Gascony 
trunks ^ oak and pine trees, with other substances, are discovered 
buried in the sand, above the ancient level of the Landes. More- 
over, some dunes still bear magnificent woods, which can count at 
least several centuries of existence, and which probably were not 
planted by man. Not far from Arcachon one may wander in a forest 
where gigantic pines rise, unrivalled in France, and oaks 46 feet in 
circumference. Title-deeds of 1332 speak' also of forests which 
corvered the dunes of Medoc, and where the seigneurs of Lesparre 
went in inerr}* company to chase the stag, the boar, or the roebuck. 
Montaigne, f too, writing in the middle of the sixteenth century, says 
that invasions of the sand had taken place ** for some time.^' Be- 
sides, why should the Landese, like the Spaniards, give the name of 
monk or montagnes to their forests, even those of the plains, if not 
because their hills of sand were^ in former times, uniformly covered 
with trees P 

Unhappily all those fine forests which once protected the low lands 
of the sea-coast against the invasion of the sands, were success- 
ively destroyed during the evil days of the Middle Ages, either by 
barbarian invaders, or by improvident lords, or by the peasants 
themselves. Even in the last century tho King of Prussia, Frederick 
William I., being in great want of money, caused the forest of pines 
to be cut down, which extended without interruption over the dunes 
of the Frische Nehrung from Dantzig to Pillau. The operation 
brought him the sum of 200,000 crowns, but the moving sands in- 
vaded Jihe great inland bay, destroyed the fisheries, obstructed the 
navigable channel, buried the defending fortresses, and modified in 
the most vexatious manner the hydrographic economy of all those 
parts. $ In Holland and in Brittany this dismantling of the coast 
has produced still more fatal results. On the borders of Lake 
Michigan, and at Gape God (Massachusetts) the clearing of the shore 
has also produced the formation of moving hiUs.§ But the inhabit- 
ants have only themselves to complain jof ; the dunes are their work. 

* Staring, Voormah m Thana ; Marsh. ^ t Esaaia^ livre iv. 

t Foal, Zeitaehrift f^iie Erdkundey U 61 . 

} Marsh, Jfan and Natwra, 
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A single imprudence may cause great misfortunes ; and thus, accord- 
ing to Staring, one of the highest dunes of Friesland owes its origin 
to the destruction of a single oak.* 

It is for man arrest by his labour those hillocks of aand 

which he has, so to say, created by his imprudence. Happily this is 
not an impossible task. The shepherd of the French Landes, when 
he wishes to protect his cabin, erected in the depth of some jj^avine of 
the dunes, takes care to cut, in the It^dcs and surrounding marshes, 
grass or. rushes, which he spreads over the soil in such a manner as 
to cover it comjdotely, and to leave none exposed to the sea-breezes. 
This is sufficient ; the sand remains immovable, and the dune is fixed 
for the future ; so long at least as no horse’s foot, or the teeth of a 
sheep or wild animal, a sliower of rain, or any other cause, have 
penetrated the protecting layer and restored their mobility to the 
sands. It is then necessary to carpet the ground with a new litter of 
plants. 

This means of protection, which is moreover only practicable over 
small extents, is evidently quite provisional ; to obtain a definite result 
we must have recourse to the direct fixation of the aunes by the 
seeds of trees or other plants, so as to present an insurmountable barrier 
to the T^dnds. In modern times the Dutch, those great masters for 
all works concerning the sea and the coasts, have been the first to re- 
cognize the absolute necessity of arresting the dunes. Defended and 
menaced at the same time by those masses of moving sand which never 
cease to encroach on their territory, even while protecting it against 
the assaults of the sea, they have understood that the very safety of 
their country may depend on this rampart of hills, and for a century 
they have eifectually consolidated it by planting reeds, maples, and 
firs. 

The first attempts at the fixation of the dunes made in Qascony 
date from the beginning of the eighteenth century. M. de Ruhat, 
who had acquired the ancient Gaptalate de Buch, sowed some of the 
hills of La Teste with pine trees ; but though this plantation succeeded 
perfectly, the work was not continued, and everywhere else the indolent 
Landese allowed the dunes to advance to the assault of their villages. 
Later, the brothers Desbiey and the engineer YiUers proposed re- 
peatedly, at various times,, the fixation of the entire district of sands. 
Their voices were not heard. It is to the celebrated Br^montier that 
the honour is due of first causing to be adopted and put in practice a 
complete plan for the culture of all the dunes. Inspired with the writ- 
* Ik Bodm van Naderlandy tomo i. p. 426. 
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ings and example of his predecessors, and not disdaining to interro- 
gate the herdsmen, who knew by tradition the means of arresting the 
sands, Br^montier first applied himself to the task in 1787. The 
works were interrupted in 1789, resumed in 1791, and completely 
abandoned again in 1793, in consequence of the opposition given 
by several of the inhabitants of La Teste. But important results 
had bee% already obtained. More than 620 acres of moving sands 
had been fixed in the environs of Arcachon ; pines, oaks, and yiries 
were in perfect growth, and the sowing of every two acres had not 
cost more than 200 francs. The possibility of arresting the advance 
of the dunes at little cost was perfectly demonstrated. 

At the commencement of this century the inteiTuptcd work was 
resumed, and it was completed some years ago. The dunes of 
Gascony, fixed for the future, enrich the countries which they for- 
merly threatened to bury, and in consequence of the increasing value 
of the pines and their productions, we must reckon the annual in- 
crease of public wealth on the coast at hundreds of thousands of 
francs. The estimated present value of the forests of the Landose 
dunes is 25 millions ; that is to say, 600 francs the acre. Thus, the 
means of safety applied by Bremontier has become a cause of prosperity 
to the inhabitants. At the same time, several happy results, which 
could not be looked for nt first, have been obtained. The sand, pro- 
tected from the rays of the sun by the shade of the pines, produces 
herbs which are utilized as straw or food for cattle. ' The marshes, 
which during six months of the year were transformed by rain- 
water into impenetrable morasses, have been drained without the 
intervention of man, owing to the thousands of roots constantly 
pumping up the moisture from the sands. The surface of the vast 
ponds, situated at the eastern foot of the dunes, is lowered, likewise 
to furnish the forest trees with the water necessary for their growth. 
Besides this, the fixation of the dunes has caused the ** blouses to 
disappear, in which men and animals were engulfed ; the sands do 
not advance any further, and the pools have ceased to exist. Science 
has repaired the disorders formerly caused by man’s imprudence. 



220 


THE ATMOSPHERE AND METEOROLOGY. 


PART IL 

THE ATMOSPHERE AND METEOROLOGY. 

BOOK I.— THE AIR AND WINDS. 

CHAPTER I. 

AIB THE AQEKT OF THE VITAL CIRCrLATlON OF THE PLANET.— PHENOMENA OP 
BEFLBCTION AND REFU.\CTION.— MIItADE. 


Death and eternal silence would reign over all the earth if it were 
deprived of the atmosphere that envelops of our planet. This gaseous, 
transparent, and invisible mass, w’hich scarcely seems to form a part 
of the earth, is nevertheless its principal element. For it is the most 
mobile, and it is by its agency that life is sustained. The earth sup- 
ports us, but whether men, animals, or plants, we alike require the air 
for our existence. Although not flying in it like birds, all living 
beings, whether they walk, climb, or fix their roots in the soil, are 
not the less children of the atmosphere. 

Considered as one of the heavenly bodies, our planet is composed 
of a solid kernel surrounded by two fluid strata. The kernel is that 
which bears more especially the name of the earth, it is the rpeky 
beds containing lava, molten mctuls, and the entire mass of un- 
known substances which occupies the centre of the globe. The, sheet 
of water forming the seas and the network of rivers covers this solid 
skeleton, and above this watery envelope is stretched a second spherical 
layer still more fluid, and whose currents and counter-currents in- 
cessantly circulate from the pole to the equator, and from the equator 
to the pole, with the regularity of the lungs of man, by turns filled 
and exhausted. The atmosphere is truly the breath of the planet ; 
like its sotellite, which most astronomers tell us is destitute of a gaseous 
envelope^ the earth would be only a dead star rolling in space if it 
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suddenly lost the stratum of air that surrounds it and ceased to respire 
the regular breath of the winds. 

The subtle and transparent air is composed of the same gases which 
are found in greater abundance in the opaque and solid crust of our 
globe. The four principal elements of all vegetable or animal organ- 
ism, oxygen, nitrogen, hydrogen, and carbon, are found likewise in 
the atmosphere. The two first as constituent elements of the air, the 
third united with oxygen under the form of watery vapour, and 
the fourth mixed with the breath expired by animals, and with many 
other gases resulting from the decomposition of organic matter. Be- 
tween the action of nature and the eternal movement of the atmo- 
sphere an exchange is constantly being effected, by which the gases, 
one instant in the animal, plant, or rock, fixed in an organism or in 
the terrestrial strata, are disengaged and recompose the atmosphere. 

Animals and plants would soon be all destroyed, for want of neces- 
sary aliment, if the mixture of vapours and gas were not effected by 
the incessant movement of the aerial masses. Men and animals would 
gradually kill themselves by absorbing again tl^ie carbonic acid al- 
ready expelled from their lungs ; and plants plunged in an atmo- 
sphere too full of oxygen emanating from their leaves would end too 
by dying. Happily, the currents of air, which pass in immense spirals 
over the surface of the earth, uniformly mix all the gases they carry 
away with them, and thus favour life over their whole course. To 
the temperate regions, which arc principally the domain of man, 
they bring the oxygen which the immense forests of the tropical 
zone have exhaled ; to these same forests they impart the carbon 
which is life to trees, and would be the death* of man. Still more, 
they animate the globe itself, by carrying immense quantities of 
vapour to the mountains where the not- work of springs is elabor- 
ated, and in causing to circulate above the sea a dry air eager to 
absorb the water which evaporates from its surface. Like the heart 
in living organisms, the productive zone of the atmospheric currents 
occupies the central region in the ocean of air, and moves alternately 
to the north and south. It is thus that a movement of systole and 
diastole is produced in all the aerial mass, impressing the initiatory 
speed to the arterial currents which carry fertility to all points of the 
planet. 

Every particle of gas passes thus continually from life to life, and 
escapes from death to death ; by turns, wind, wave, earth, animal, or 
flower, despite its smallness, is the symbol of infinite motion. The air 
is an inexhaustible source whence that lives, draws its existence. 
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an immense reservoir into which all that dies pours its last breath. 
Under the action of the atmosphere all the scattered organisms are 
born and perish. Life and death are equally in the air which we 
breathe, and perpetually succeed one another by the exchange of 
gaseous particles. The same elements which are exhaled from the 
leaves of the tree are carried by the wind to the infant that is just 
born ; the last breath of a dying man goes to form the brilliant corolla 
of the flower, and compose its penetrating perfume. The breezer 
which gently caresses the stems of the plants is further on trans- 
formed into a tempest, uproots large trees, and destroys ships, with 
all their crews. ' It is thus, by an infinite series of minor catastrophes, 
that the atmosphere sustains the universal life of the globe. 

Comparable to the ocean, as to the incessant circuit of its waves, 
the great atmospheric sea is not however enclosed in a basin bounded 
on all sides. The atmosphere travels without cessation, bearing away 
on its wings all the light objects which are exposed to its currents. 
It takes up the ashes from a crater in eruption, and lets them full in 
places often hundreds of miles distant ; it raises in-its eddies myriads 
of animalcula or clouds of pollen, which are wafted by it across 
seas to fall again in impalpable dust. It caVrics the soa itself in the 
form of clouds, and distributes it as rain and dews over the continents ; 
it becomes highly charged with electricity, and discharges itself by 
the rays of the Aurora Borealis, or by vivid lightnings. It is the 
great vehicle by means of M’hich the universal interchange of the 
elements which compose the solid crust, the mass of waters, and of 
organic beings, is accomplisbed. 

'' The world is small ! said Columbus ; but it is principally owing 
to the air which disregards distances that the earth is diminished. 
Whatever be the number of yards or miles traversed by a seed, the 
point where it fulls is not distant from the mother-plant. The 
northern coasts of the Mediterranean are brought nearer the great 
deserts of Africa, dust of which is brought by the sirocco ; and in 
the s^ame way we may say that the shores of llrazil, towards which 
the trade-winds blow, are contiguous to the distant archipelagos of 
the Azores and the Canaries. All those parts of the world united by 
atmospheric currents become thereby neighbours to each other, if not 
for the creatures who walk on the ground, at least for those which 
are earned by the movements of the air. By the incessant mixture 
of the aerial masses all the regions of the solid kernel of the earth are 
brought neareri contrasts are blended, and harmony is established 



WOSK PESFOEMED BY THE WINDS. 


228 


between the productions and the climates^ no less than in the general 
aspect of nature. 

The winds are also powerful geological agents. Thus the aerial 
currents of certain latitudes transport clouds of dust, which may at 
length render vast countries sterile or fertile, either by covering the 
natural soil with an unfruitful layer, or by effecting a happy mixture 
with it. On the banks of the Nile^ the sand of the desert which the 
wind mingles with the thick mud of the river, contributes to develop 
the marvellous productive force of the land, while in the neighbour- 
ing plains, which are destitute of moisture, it buries the plants and 
renders the soil wholly unfit for vegetation. Elsewhere, and princi- 
pally on the low coasts of the sea, the wind drives hills of sand 
across the plains, barring the outlets of the streams, and gradually 
driving the water up the slope of the continent* 

In certain places the aerial current even goes so far as to tempora- 
rily change the level of the sea ; it sometimes arrests the waves, or 
hurls them against the shores, and alternately dries up the bed, and 
causes disastrous inundations. Sometimes the wind, which descends 
with violence from the polar regions of North America to the Gulf of 
Mexico, keeps back thrfee or even four successive tides. Then these, 
returning altogether in one foaming mass, 'sweep over w^hole islands 
off the low coasts of Louisiana and Texas. In the same way when the 
pampero or south-'west wind blows over the great estuary of La Plata, 
its waters arc sometimes lowered by 12 or even 18 feet in less than 
half a day, and the vessels that were flouting in the road remain 
stranded in the mud.f 

This is not all. The wind can also modify the configuration of the 
shores, since the waves of the sea, which contribute so largely 
towards the sculpturing of them, receive from it their impulsive 
force. Thus the large arm of the Bh6ne perhaps owes its south-east- 
erly direction to the mistral which descends from the Cevennes.J 
As to the delta of the Mississippi, its exterior contours are probably 
modelled by the south-east monsoon which prevails in that country ; 
the southern passage, which opens exactly in the direction of the 
prevailing wind, is almost entirely obstructed by the dike of mud 
that the surf has raised across its current. The two arms of th*e 
Mississippi which carry the greatest quantity of water are directed, 

* See above, p. 211. 

f FiUroy, Ad9mtHr$ and BeagU^ yol. ii. Appendix, p. 89. 
t See Tht Barth, the leotion entitled, Bivert, 
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the one to the south-west, the other to the north-east ; that is to^y, 
each of them forms a right angle with the monsoon from the south-east. 
It is the aerial current which has forced the long peninsulas of the 
Mississippi to spread thus over the waters like the branchy of a great 
fallen tree.* 

The geological labours of the winds are, however, accomplished, for 
the most part, in an indirect manneav either by the evaporation of 
the moisture of the continents, or by causing considerable down- 
falls of rain. During the course of ages the contours of the land 
and sea have' not ceased to change, and, in* consequence of these 
gradual modifications, the winds. themselves have been subjected to 
analogous variations. Some are saturated with the vapour of water, 
and the clouds that thej' carry are deposited in rivers and lakes 
in the midst of land. Other atmospheric currents have lost their 
moisture in great part, and then in passing over inland seas they have 
absorbed them ; pumped them, so to speak, leaving behind them 
smiling plains transformed into deserts. Without any doubt it is 
the winds which have now dried the lands of Cape Natal and 
Transvaal ; it is tliey that have been the great agents in the work of 
drying up central Asia, they have drunk the vast extent of water 
that formerly strctclied from the Euxine to the Caspian Sea, and from 
the Lake of Aral to the Gulf of Obi, and left steppes of salt in the place 
of this ancient Mediterranean. f 

It is by means of the atmosphere, too, that the exchange of particles 
between the earth and bodies wandering in space is accomplished. 
When an aerolite, shot like an enormous bullet through space, meets 
the exterior stcA of gas that surround the earth, it is instantly set 
on fire, and bursts either entirely or on the surface ; and hurling with 
violence some fragments to the ground, it loaves behind it a long train 
of luminous matter resembling a fiery track. Owing to the resistance 
opposed by the atmosphere to the passage of the strange star, the 
globe is every year enriched in this manner with material brought 
from the sky. The strata of air,, moreover, are the vehicle of all 
sounds ; they also convey the vibrations of light and heat. Deprived 
of this envelope the globe would immediately be wrapt in complete 
darkness. But if the atmosphere allows the rays of luminous beet, 
emitted by the sun, to pass, it intercepts in return a great part of the 
dark rays, which escape from the earth into space. It is thus that 


Hamphreyi snd Abbot, Repwt m tU MUnumppi p. 450. 
t lianry, Thywal Otographp pf Spp, 
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the ||lobe has been able to preserve its normal temperature, and has 
beoohie the theatre of life * 

The atmosphere, which as the common vehicle of exchange is 
ever in motion, is also the great agent by which nature receives 
the wonderful colours that beautify her. It is owing to the re- 
flection of the blue rays that the sky and the distant heights of 
the horizon assume that beautiful azure hue, which varies with 
the altitude of each region, the abundance of watery vapour, and the 
contrast of the clouds. It is owing to the refraction undergone by 
the luminous rays in passing obliquely through the aerial strata, 
that the sun is announced every morning by the vague glimmers 
of twilight, then by the splendours of dawn, and thus shows him- 
self before the astronomical hour of his rising. It is also due to an 
analogous phenomenon that in the evening he seems to slacken his 
descent below the horizon, and even after he has disappeared colours the 
west for a long time with the purple of sunset. Without the gaseous 
erfvelope of the earth we should never see those varied plays of light, 
those changing harmonies of colour, those gradual transformations 
of delicate shades, which form the marvellous beauty of our morn- 
ings and evenings. The special works on meteorology describe at 
length all these brilliant phenomena of the air, the rainbows, hulos, 
parhelions, and that splendid spectacle of the “ after-glow ” which 
colours the snows and ice of the Alps with a rosy tint more than 
twenty minutes after the sun has set. Nothing is so beautiful ns this 
phenomenon due to the contrast of the lower slopes which are already 
in the shade, and the high peaks which the solar rays reflected above 
the horizon still illuminate. When the Aiguille-Verte is already 
veiled in shadow, as well as the neighbouring summits of Mont Blanc, 
the latter is trul}’- transfigured by the light glittering on its snows. 
“Wo might think we then saw a form foreign to the earth ; 
then all at once the flame is extinguished, the colours so brilliant 
vanish, “ to give place to an aspect that we may truly call calaverous, 
for nothing approaches more nearly to the contrast between life and 
death on the human face than this passing from the light of day to 
the shadow of night on tho high mountains.” f 

The mirage is another singular optical efiect, due to the deviation 
of the rays of light which traverse the atmosphere. When the 
surface of tho earth is much heated by the sun the lower strata of air 
expand and often become lighter than the strata situated above. If 

^ * lyndall, Biat. 

t Naker de Skmaure, Annakt d» Cftimw 4k Phytiquoy 1839. 
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the air is agitated by the wind it then rises oscillating like the 
smoke that rises from a high furnace, and the outlines of all ob- 
jects seen through this vapour seem to tremble; if a calm reigns 
in the atmosphere all the objects bathed by the denser strata are 
reflected^ as in a sheet of water, in the more expanded air, and 





Fit; 0" —Mirages at Vcrdori, at the mouth of the Gironde. 

all their images appear double; hence the name of e$pcio (mirror) 
which the inhabitants of South America give to the mirage. In the 
midst of the arid desert, at hundreds of miles from any stream, 
bushes and rocks arc reflected in the air as in the basin of a fountain ; 
on the sea the ships, the shores, and signals are reproduced as on a 
second ocean, even in the large squares of our cities which a burning 
sun strikes, the statues sometimes seem to bathe their feet in a 
crystalline water reflecting their graceful forms. This optical illusion 
which thus qiaints imaginary objects even in our cities, is the Fata 
Morgana” of Italy, the deceptive ‘^Dclibab” of the Magyar puszta, 
and the Thirst of the gazelle” on the plains of Hindostan. It 
shows from afar fresh oases and rippling waters to the fatigned 
travellers, who, where the deceitful picture glitters, only find aridity, 
thirst, and perhaps death. In the deserts of Arabia the plain seems 
every day transformed into an immense lake. In proportion as the 
sun sinks the magic sheet retires, then it fades completely away, to 
reappear the next day an hour or two before noon.* 

• PalgrtTe, A One r«sr*f IVmW in Cmirai Amhin* 
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Tlie phenomenon of reflection is almost always accompanied by 
lateral movements which apparently alter the position of objects^ iu 
the same way as plates of glass of unequal thickness do, we then see 
large masses of diflbront forms detaching themselves to the right and 
left of the distant objects, and floating fantastically in the air.^ These 
phenomena of mirage are most curious in the polar seas already strewn 
with blocks and icebergs of every variety of contour. The surface of 
the ocean bristles with points, needles, crests, and overhanging cor- 
nices, which separate, rejoin each other, and then vanish, to reappear 
again. !N^owhere do we see more astonishing phantasmagoria. As 
to the prodigious scones that the mirage is said to present to the eyes 
of the traveller, by showing him forests of palm trees, temples with 



JFig 98 — MiraeoB of the ** Vinoennes** and of the ** Peacock, V After Wilkes 


colonnades, caravans, armies on the march, and people gathered for 
fStes, they are probably in great part produced by fever under the 
ardent sun, for in this fiery atmosphere which floats above the whiten- 
ed plains and reflects the splendour and the heat, the head is burn- 
ing, the imagination excited, and the eye sees no longer anything 
but the forms ofiancy. 


3 
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CHAPTER II. 

WEIGHT or THE AIB.— -HEIOnT OF THE UPPER STRATA.— BAEOltE 
MEA8UPES. 

The weiglit of the aerial particles, which makes itself fell 
terrible a manner in hurricanes, is relatively very small, sine 
of air (nine-tenths of a quart) taken at the surface of the grouj 
at the temperature of zero, weighs 770 times less than a litre o| 

But the atmospheric mass surrounding the globe is such 1 
were to bo entirely agglomerated in a single ball, it would 
much as a sphere of copper nearly G3 miles in diameter ; thal 
twelve hundred thousandth part of the mass of the earth. jj 
pressure exercised by the atmosphere on a man of middle siz^ 
less than 14 or lo tons ; it is true, however, .that this pressure i 
itself felt at the same time in all directions on our frame, is ' 
very fact neutralized. We know that a column of air on anj 
whatever of the earth is equivalent on an average to that of a i 
of water of feet, or to 30 inches of mercury ; it is the kno 
of this fact that has enabled us to construct the barometer. 

Still if we know the weight of the atmosphere, we cannot yet say 
in a positive manner to what distance it rises in space. If the higher 
aerial strata had the same density as those on the surface of the sea, 
the total thickness of tlie air would not exceed 5 miles, and con- 
W‘quenlly, the highest mountains of the earth, the Qaourisankar, the 
Kinchinjunga, the Dapsang, and many others, would raise their 
peaks into empty space above the atmosphere. But it is not so ; 
above tbe lower strata, compressed by the weight of all the super- 
incumbent aerial mass, the particles ^parate in proportion as the 
pressure diminishes, the air becomes rarer and rarer in the heights of 
space, and ends by being completely lost like tbe thin fluid which 
composes the tail of comets. According to the calculations of Laplace, 
it is at more than 26,000 miles above the surface of the earth tbat, 
in consequence of the increase of centrifugal force, and the diminution 
* Sir Juhn Henchel, p. 16. 
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Yeif^ht, the aerial particles which may still be in space must 
[ escape from the^ terrestrial orbit. Perhaps it is, in fact, in 
ated regions at the yery limits of the spheres of attraction 
heavenly bodies that the exchange of their gaseous particles 
^ce. However that may be, it is at a height very inconsidcr- 
omparison with the extreme limit indicated by Laplace, that 
sphere ceases to be respirable by man. At the summit of 
at is to say, at an elevation of two miles, we have nearly a 
f the aerial mass under our feet. At miles, a height above 
^ great many mountains raise their peaks, tlie column of air 
ests on the ground has already lost one half of its weight ; 
pntly, all the gaseous mass which extends far into the sky to 
arable distances, is simply equal to the aerial strata com- 
|into this lower region. 

than two hundred years ago, Perier, following the indica- 
’ his brother-in-law l*ascal, established by the first direct ex- 
it the diminution of the weight of the air in a vertical direction ; 

E ded Puy-de-D6mo, with the barometer in his hand, and during 
nt the column of mercury which measured the atmospheric 
never ceased to sink gradually in . the tube, and thus tho 
>f measuring the height of mountains above the level of the 
simply reading the barometrical indications, was discovered, 
ais epoch science has made grbat progress, the precise law of 
I of tho weight of the air and all other elastic gases has 
ought to light by Mariotte, and innumerable travellers have 
been able, with the aid of the barometer, to indicate approximately 
the altitude of the salient points in the various countries that they 
have traversed. Nevertheless, one can never be sure that tho baro- 
meter has furnished perfectly exact measures of height. In each 
baromotic reading we must lake into account the temperature, 
the quantity of watery vapour contained in the atmosphere, tho 
agitation of the winds, in a word, all those phj^sical conditions of the 
air, whose weight we are about to measure, and each of these second- 
ary observations makes a greater or less correction necessary in the 
final result. The direct results obtained by trigonometry are at 
present the only ones that give in an exact manner tho height of 
tho surface. * 

To ascertain the altitude of summits another means is also em- 
ployed, which, in consequenoe of the defectiveness of tho instruments, 
generally gives results still less exact than those of the barometer. 
This means consists in measuring the heat of boiling water. In 
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fact, the boiling point, or the temperature at which the tension of 
the vapour of water exactly balances the atmospheric pressure, must 
necessarily sink in proportion as the pressure diminishes. It has been 
calculated that the average full of boiling point is 18® Fahrenheit for 
every 1062 feet of vertical height. But experiments may give 
for the heights of mountains differences of many hundred feet. 
Thus, Tyndall found in August, 1859, that the temperature of boiling 
water on the summit of Mont Blanc was 84‘97‘', while in the preced- 
ing year ho had observed a slightly lower boiling point on Mont Eosa, 
though this latter peak is 658 feet lower than the giant of the Alps. 

To what height is the air dense enough for a man to be able to find 
the oxygen necessary for his lungs, and to live there for a few seconds 
at least? The climbers of mountains have never reached this ex- 
treme limit, because of the fatigues of the ascent, which add to their 
difficulty of finding a sufficient quantity of air. Thus the highest 
peaks of the Himalayas and the Andes have remained to this day 
untrodden by human foot.* At the summit of Ibi-Gamin, the highest 
point yet scaled in an ascent, Robert Schlagintweit found himself at 
an elevation of 4J miles. Tlie barometer was only 13*3 inches, so that 
the traveller had beneath him nearly three-fifths of the mass of air. 

Nevertheless, thanks to the balloon, aeronauts have been able 
to ascend to heights, which even the condor does not reach, and 
from whence the highest mountains would appear as if they rose 
from the depth of an abyss. In 1804, Gay Lussac ascended to 
4J miles; in 1851, Barral and Bixio ascended a little higher; 
in 1858, Rush and Green rose to 5 miles. But these are all alti- 
tudes inferior to the liighest summits of the continents. Finally, 
on September 5, 18G2, Gluisher and Coxwell undertook an aero- 
nautic expedition, in which they resolved to ascend as long as they 
could preserve the sense of their own existence. The air becoming 
too rare for their lungs, hardly allowed them to pant, they had palpi- 
tations of the heart, singing in the ears, the blood swelled the arteries 
of their temples, their fingers froze and refused to move ; but their 
will sustained them, they threw more sand from the car, and thus 
gave themselves a new impetus into the atmosphere. Glaisher fainted 
away, but his companion did nothing to arrest tlie ascent ; his eyes 
fixed on the instruments, he noted with a glance the gradual sinking 
of the column of mercury in the barometer and thermometer, as if 
he were in the observatory at Eew. Gradually taken possession of 
by torpor, the aeronaut lost the use of his hands ; but he still held 
* 8ee Tkt Earthy tbo section entitled, Mountaim, 
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the cord of the valve between his teeth, and when he felt that but one 
single second separated him and his friend from death, then he let 
the gas escape, and the balloon was arrested and descended gradually 
towards the plains situated at 6^, or perhaps at 6|, miles below, 
for the column of the barometer was only at 6*5 inches. What 
noble courage on the part of these men risking death with such 
simplicity of soul, and for the sole advantage of studying the tem- 
perature of an atmosphere where neither man nor bird can live ! 
Certainly, it would greatly lower the force of soul and philosophi- 
cal calm to compare it to the brutal courage of the soldier rush- 
ing into the thickest of the furious m614e, intoxicated with powder, 
din, and blood. 

At the height to which Glaisher and Coxwcll rose, they had nearly 
four-fifths of the weight of the atmospheric strata beneath them ; the 
remaining fifth, where the air is too rarefied for the lungs of man, 
rises dilated more and more to unknown heights. We can, how- 
ever, ascertain the presence of the aerial fluid much above the 
space to which man has been able to ascend. In truth, the refraction 
of the solar rays in the dawn and twilight has permitted us long ago 
to calculate that the appreciable part of the atmosphere rises to, at 
least, 45 miles, and owing to the perfection of optical instruments, 
the visible limits of this ocean of air, which bathes our globe, have 
gradually retreated. In supporting the observations made in tro- 
pical regions on the phenomena of the twilight, M. Emmanuel Liais 
believed he could affirm that the height is in reality 200 and even 210 
miles.* 

By this the real diameter of the earth would be increased by about 
a tenth. Though this atmospheric stratum is usually left out of the 
calculations of astronomers on the dimensions of the planet, it ought 
nevertheless to be measured as an iutegral part of the earth. 

* Let Espaee^ Celestes et la Katun Tropicals, 
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CHAPTER Iir. 

MEVN PRES^ITKK OP THE ATMOflPllBEE UNDER VARIOrS LATITUDES.— DENSITY OF 
THE AIR IX THE NORTHEHN HEMISPHERE.— DIURNAL OSCILLATIONS OF TUB BARO- 
METRICAL COLUMN. — annual OSCILLATIONS. — lUREOULAR VARIATIONS. — 180- 
BABOMEIRIC LINES. 

The atinospliere is of such mobility that its weight, measured in an 
exact manner by the column of mercury in the barometer, varies 
incessantly all over the earth. The various meteoric changes, from 
cold to heat, from dryness to moisture, augment or diminish the pres- 
sure of the air, and in consequence a corresponding oscillation is 
produced in the mercury contained within the tn^>c of the instrument. 
Now, any volume of mercury being about 10,500 times heavier than 
the same volume of air taken at the level of the ocean, we must con- 
clude from this that every movement of the barometric column re- 
veals a change 10,500 times greater in aerial space. 

When air is heated either by the direct influence of the sun or by 
a current of higher temperature, its particles expand, become rela- 
tively lighter, ascend into space, and then spread out laterally. The 
pressure then diminishes, and in consequence the column of mercury* 
in the barometer must fall. The contrary takes place when the air is 
condensed by cold, and when the aerial masses flow together to fill up 
the space ; the woiglit of the atmosphere is increased, and the level of 
the mercury rises in the instrument. This is the reason why the fall 
of the barometer indicates generally an increase of temperature, while 
a diminution of heat is marked by the contrary phenomenon. The 
barometer and thermometer oscillate in Inverse ways. It is true 
that the air can absorb so much the more watery vapour the warmer 
it is, and in this way the pressure which is diminished on one side by 
the ascent, and the lateral flow of the aerial fluid, is augmented on the 
other by the increase of vapour contained in the atmosphere ; air be- 
coming coldeir, xm the other hand, loses its capacity of dissolving the 
watery vapour, and grows Ughter in proportion. Thus the pheno- 
mena oounteihalance each other, and it is not without numerous eb- 
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nervations treated with sagacity that we are able to distinguish that 
which, in slight barometric oscillations, ought to be attributed either 
to the pressure of the pure air, or to that of the watery vapour. As 
to the abrupt variations in respect to which we cannot be mistaken, 
they are sometimes enormous ; there are even some which are mark- 
ed in the column of mercury by a difference of 2 or 3 inches, one- 
fifteenth of the total height. A tempest in the ocean of the air is the 
cause of this agitation of the liquid in the instrument.* 

The pressure of the atmosphere varies over all the earth, and wo 
cannot yet indicate it with exactitude for the entire globe. It is pro- 
bable, however, that at the surface of the sea it exceeds on an average, 
by a slight fraction, the amount of 20*90 inches. Towards the equator 
the ordinary pressure is only 29*84 inches ; but from the 10th degree 
of latitude in the two hemispheres the pressure increases little by little, 
and towards the 30th or 35th degree it attains its maximum, 30 or 
30*08 inches. From thence, in the direction of the poles, the pressure 
diminishes ; towards the 50 th degree it is 29*92 inches, and further 
north 29*70 indies only. Thus it is at about an equal distance between 
the pole and the equator that the air exercises on an average its 
greatest ‘pressure on the barometric column ; nevertheless, there 
being much more watery vapour in the aerial strata of the temperate 
zone than In those of the polar zone, it is probable that, the air being 
perfectly dry, its pressure would continually increase from the equator 
to the poles more or less regularly in proportion to the sinking of 
the temperature. This is moreover a phenomenon rendered very 
probable by the rise in the barometer, which is ordinarily produced 
by the transition from heat to cold. However it may bo, the re- 
searches of Sir James Ross and Wilkes in the southern seas establish 
the fact that on an average the barometer is slightly higher in the 
northern than in the southern hemisphere. We must necessarily con- 
clude from this, that a greater quantity of air is accumulated over 
that half of the earth where the continents are grouped. Thus, 
as Sir John Herschel remarks, the current of a river is always rip- 
pled above an unequal and stony bed ; and in the same way the 
atmosphere must swell in waves above the continental masses. This 
best explains the aetonishiog contrast between the two hemi- 
8pheres.t 

If the normal pressure of the atmospheric strata varies at the level 
of the ocean under different latitudes, it varies also all over the earth 

* See below the lection entitled, JVurriMii#*. 
f W. Ferrel, of Fluids and Solidr^ p, 39* 
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according to the hours and seasons ; it obeys the rhythm of time as 
well as that of space. Every day the aerial mass oscillates twice 
in inverse directions. In the morning towards four o’clock the 
barometric column presents a first minimum of height, but it rises 
gradually, and towards ten o’clock in the morning it attains its high- 
est elevation; afterwards the pressure of the air diminishes till towards 
four o’clock in the evening, the time when the barometer is at its 
minimum of height. The column of mercury then begins to rise till 
ten o’clock at night, to sink again for six hours ; the periods of the 
day during which these changes occur are known under the name of 
“ tropical hours.” The curve of variations, as we see by the accom- 
panying figure, is much more regular in the equatorial than in the 
temperate zone. 



Fig. 99.~Tropioal bouni of the EquaturUl Ocean, of Cumana, of UoUo, and Abo. 


What is the cause of this double dally oscillation ? Many meteoro- 
logists formerly recognised in these movements of the barometer regu- 
lar tides, similar to those in the oceuh, and, like them, obeying the 
combined influences of the sun and moon. But these oscillations al- 
ways occur, on an average, at the same hours, and do not present at 
the epoch of syzygies and quadratures phenomena corresponding to 
those of the ebb and flow.* The researches of Aim6, of Flanger- 
gues, and other natural philosophers have, it is true, establishod the 
existence of an aerial tide ; but the amplitude of this movement 
is very slight in comparison with that which occurs between the trop- 
ical hours. It is, therefore, by the combined ii^uenoe of the heat of 
the day, and the pressure of watery vapour, tliat we must explaini 
with Dove, the two movements of rising and falling, which take 
place every day in the column of mercury. Commencing in the cold 
hours of the morning, the gradual increase of temperature must 
result in expanding the atmosphere, and making the barometer 
* Sm aboTO the eoction entitled, The Tidet, 
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sink. But while the pressure of the air diminishes, the quantity 
of watery vapour augments rapidly, and its pressure added to 
that of the air, produces a sort of temporary wave, after which 
the barometric column continues to fall, to rise again with the 
nocturnal cold. If the pressure of the watery vapour disappeared 
from the atmosphere the barometer would rise regularly in all seasons 
towards the middle of the night, and would be at its lowest towards 
the middle of the day. This is shown by the following figure, repre- 
senting the barometric oscillation of the dry air at the port of Apen- 



rade on an estuary of the Baltic. In very dry countries, such as 
Eastern Siberia, the pressure of the watery vapour is too slight to 
counterbalance the action of temperature, and in consequence only 
two oscillations occur during the four-and-twenty hours, a fall with 
the increase of temperature, and a rise with the cold of night. 

The diurnal movements of the barometer are much more regular and 
more easily ascertained in the equatorial regions and near the level 
of the sea than under high latitudes and in the interior of continents. 
Tliis is because over the tropical seas the alternations of temperature, 
evaporation, and precipitation succeed each other, like all other ph^isi- 
cal phenomena, with greater regularity than in other parts of the 
globe. Besides, it wba in the equatorial seas that the diurnal oscilla- 
tion was observed for the first time, and it was in these same latitudes 
that Humboldt was able to ascertain the hours exactly. In the tem- 
perate regions these regular movements of the barometric column are 
in a great measure hidden by the abrupt leaps of the mercury, obey- 
ing the constant variations of the atmosphere ; it is, therefore, only 
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after a longer or shorter series of days, or even weeks, that meteorolo- 
gists can, by establishing averages, reveal normal oscillations analo- 
gous to those which occur at the equator. In the high mountain 
regions it is still more difficult to ascertain the regular succession of 
the barometric waves, for the changes which occur in the lower strata 
of the air are only felt later, and are variously mixed in the higher 
strata. Thus the rising of the barometer which takes place towards 
ten in the morning at Zurich, does not occur on the summit of the 
Righi till two o’clock in the afternoon, and only at three o’clock on 
the Faulhorn ; often the depression of the barometric column docs 
not even make itself felt in the afternoon on these heights, and each 
day presents but a single great oscillation. 

The annual variations of the pressure of the air present alterna- 
tions atialogous to those of the diurnal variations. In the tropical 
coimtries, where the seasons follow' one another wnth groat regular- 
ity, and in the interior of continents, the air of which contains 
but a slight quantity of watery vapour, the mercury of the baro- 




Flg. 101.— Montblj wiiaioniln the of tho atmoiphm at Oalroi Calcutta, Berlin 


meter gradually sinks from winter to summer in inverse proportion 
to the heat, and re-asconds with the cold from summer to winter. 
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At Calcutta^ at Benares, in Hindostan, as at St. Petersburg, in 
Prussia^ and at Nortsohinsk, in Siberia, the maximum of the pressure 
of the air is perceptible in the month of J anuary, while the minimum 
occurs in the month of July. The atmosphere is now heavier, now 
lighter in each hemisphere according to the regular alternations of 
heat and cold. Thus, as the following figure shows, the annual varia- 
tion in the pressure of the air occurs in the same manner in all the 
countries situated on the same side of the equator ; but the phenome- 
non is much more striking in tropical climates than under high lati- 
tudes. In the greater part of the countries of the temperate zone, 
and above all on the shores of the ocean, the pressure of the watery 
vapour during the summer increases considerably, and thus, counter- 
balancing the normal effect of dry air, gives to the barometric curve 
a maximum of summer which corresponds to the diurnal rise of ten 
o’clock in the morning, or else complicates the series of monthly 
variations by very numerous irregularities. Each one of these inflex- 
ions corresponds to some important phenomenon in local climate, cold 
or heat, storms, or tranquillity of. the air, dryness, or a great quantity 
of watery vapour. In general it is at the epoch of the equinoxes, 
when the temperature is nearly equal to the annual mean, that the 
moan barometric pressure of the year is established. 

As to the irregular variations, they are also accomplished according 
to a certain rhythm in various regions of the globe. At the equator 
they are almost nothing, but in proportion as we approach either of 
the poles, the irregularities become more marked, and the leaps pro- 
duced in the column of mercury by sudden changes of temperature, 
and by the alternations of winds and storms, succeed each other 
more frequently. In tropical regions these differences of barometric 
height are hardly a few fractions of an inch, while in the temperate 
latitudes they have exceeded 2*1 inches at Milan for a period of 81 
years, and 2*G inches at St Petersburg for a period of 19 years. In 
order to obtain figures more comparable with each other Kiimtz has 
calculated the monthly amount of the oscillations of the barometer 
for every station, and in this way has been able to draw up the fol- 
lowing table : 


Lftfcitude. 

0* to 10* 




Monthly Barometrio 
Amplitude. 

01 inches. 

10* to 20* 




... 0-17 „ 

20* to 30* 




0-32 „ 

30* to 40" 




0-63 „ 

40" to 60“ 




... 0*81 

60" to 60" 




103 „ 

60“ to 70“ 




... 1.2 „ 
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Still, we must not expect to find exactly the same amplitude per 
month at all the points situated at the same distance from the equator. 



Fig. 102 —Monthly amount of the osoillationi of the barometer In the northern hemisphere. 

In this respect, on the contrary, we observe great diversities, which 
we must attribute to the difference of continental forms and of 
climates. By uniting with each* other all the points in which the 
same monthly variation in the pressure of the air ocAirs, wc obtain a 
series of lines called m-barometricy which all curve to the north across 
the Atlantic, and on the whole much resemble the lines called 
isothermal* These are curves imagined by Kumlz, which indicate 
the true latitude for the general movements of the atmosphere. In 
spite of the extreme mobility of air, in spite of the tempests which 
roll with fury from one point to another of the horizon and disturb 
for a moment the regularity of atmospherical .phenomena, these lines 
maintain from year to year their mcan^ direction ; while indicating 
the disturbances of the air, they show by their permanence and their 
regularity how much these commotions depend on the great laws 
which rule our planet. 

* See bt'low the section entitled, Climatet. 
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CHAPTER IV. 


GENEBAL law op the CIBCULATION OP WINDB. — TBADE-WINDB FBOM THE NOBTH- 
EAST AND BOUTH-RA8T. — KQUATOBIAL CALMS.— OSCILLATION OP THE SYSTEM 
OF WINDB. 

In the continental regions, and principally in those of the tem- 
perate zone, it would often be difficult to recognize at first the general 
law which presides over the movements of the atmosphere, for these 
various oscillations may be modified by a crowd of local circum- 
stances, such as the direction and height of mountain-efiains, the 
extent of plains, the contours of the shores, the abundance or scarcity 
of vegetation. Even in one day the winds will sometimes blow 
successively from all points of space, and among these rapid changes 
to which the atmospheric currents are subject it is not always possible 
to ascertain with certainty the normal direction of the mass of air in 
movement. To understand the laws of the atmosphere in their sim- 
plicity we must transport ourselves to the equatorial regions of the 
ocean, above which the sun describes each day its immense semi-circle 
in the space of twelve hours, and where all the movements of nature, 
regulated by the uniform march of the sun, have something of the 
rhythm of the celestial cycles. It is there that we may seek the 
first displacement of the atmosphere, which travels as an immense 
sheet of air all round the globe. We are there present at the birth 
of the winds. It is there that Eolus would be seated if the gods still 
lived. 

During the days of summer we perceive from afar a vibratory mo- 
tion of the air over the heated earth, a kind of vaporous trembling, 
doubtless rendered visible by the incessantly changing mirage of 
objects lying beyond.* This is because the strata of the atmo- 
sphere reposing on the ground have gradually expanded, and rise in 
spirals through the colder and denser medium which weighs upon 
them. In the same way the rarefied air of furnaces mounts rapidly 
towards the upper regions whither its relative lightness carries it^ 

• Sw ftbovc, p. 227. 
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A similar moyement is produced on a very large scale in the equa* 
torial regions. The great force of the sun’s rays making themsdyes 
principally felt in those countries of the world, the aerial strata expand 
under the influence of the heat much more than in other latitudes. 
They become lighter, and rise rapidly into space, as is shown by the 
slight pressure of the air on the barometric column.* Thus a void 
is formed, which the adjacent masses of air hasten to fill, and two 
horizontal currents go to feed the great vertical current which ascends 
towards the higher strata of air in the equatorial regions. But these 
horizontal currents themselves leave spaces behind them towards 
which new masses qf air rush ; the atmospheric waves move nearer and 
nearer through all the zones as far as the polar ice, and from the two 
ends of the planet, they march towards the equator, where the ascend- 
ing movement of the over-heated air summons them. Two winds, the 
one from the north, the other from the south, take their origin from 
the midst of the ice of the two opposite poles to meet at the equator- 
ial circle. 

If the earth were not carried by a movement of rotation around its * 
axis, the atmospheric currents would flow directly tow’ards the equa- 
tor, without deviating to the right or left from the lines of the meri- 
dian. The northern current would flow in a straiglit line to the south, 
the southern current would direct itself exactly towards the north, 
and they would meet in direct opposition in the equatorial regions. 
But it does not happen thus, because of the rotation of the globe from 
west to oast. The speed of this movement va>ric8 for each point of the 
terrestrial surface, as the diameter of its latitude ; whilst it is nothing 
at the poles, it is 520 miles per hour at the 60th degree of latitude, 
north or south, at the equator itself it is 1050 miles. The mass of air 
which flows from the poles towards the tropical zone thus travels suc- 
cessively over latitudes, whose own speed around the axis of the globe 
is greater than theirs, consequently they are compelled to deviate 
further and further towards the west in the opposite direction from 
the general movement of the earth. Instead of being directed perpen- 
dicularly towards the equator to form with it an angle of 90 degrees, 
the aerial currents coming from the poles strike the equinoctial line 
obliquely at an acute angle. Thus the same planetary phenomenon 
that causes the deviation of the flow of water f of the oceanic currents, $ 
and perhaps even, according to M. Musset, the swelling of the truj^Ab 
of treed the direction from east to west, suffices likewise to pl^ in 

e fie dboTO, p. 228. t The Earth, the section entitled, Eivere. 

X See above, p. 02. 
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motion the whole mass of the atmosphere. The rivers of the air repro- 
duce, only in greater proportions, on account of their larger domain, 
the immense curves of the oceanic currents. The two fluids in move- 
ment, winds and marine currents, are superposed in their march 
around the planet. 

In the tropical zone, where the incessant attraction produced by the 
ascending current determines a constant afflux of masses of air coming 
from the north and south, the circulatory system of the winda pos- 
sesses in general a tolerable regularity. In this part of the terrestrial 
sphere the aerial masses move uniformly, those of the northern hemi- 
sphere in the direction from north-east to south-west, and those of the 
southern hemisphere in the direction from south-east to north-west. 
Thus two atmospheric currents do not cease to flow obliquely to meet 
each other. These are the trade-winds,’’ which the ancients hardly 
knew, and of which the complete discovery was reserved for the great 
Spanish and Portuguese navigators. Among all the marvels that 
they discovered in the tropical regions, none astonished them more 
than these breezes, blowing invariably from the same point of the 
horizon. Accustomed to the changing and irregular winds of the 
European seas, the sailors were almost terrified at the constancy 
of these winds, which carried them towards the equator, and never 
flowed back again in the direction of their country. The companions 
of Columbus saw in it tha efiect of the craft of the devil, and asked 
with terror if all this movement of the aerial waves was not directed to- 
wards some gulf, situated at the limits of the world. Nevertheless, navi- 
gators were soon familiarized with the tranquil latitudes traversed by 
the trade-winds. The Spanish sailors formerly called the tropical part 
of the Atlantic Ocean cl golf o de las Damas (the ladies’ sea) because there 
one could confide the helm of a ship to a young girl without danger. 
Indeed, according to Varenius, the sailors setting out from Acapulco 
could fall asleep without paying attention to the rudder, with the cer- 
tainty of being conducted by the wind across the calm waters of the 
Pacific, to the shores of the Philippines. Struck with the great ad- 
vantages which the constancy of the trade-winds present to navigation, 
the English have given them this The old term, vents alizis^ 

by which the French sailors designate them, indicates an equal con- 
tinuous and regular movement. 

Still, it must be said, these winds have not such a certain march, 
that we can count on them, as on the return of the heavenly bodies. 
The alternation of the seasons and the great atmospheric disturbances 
make them oscillate from right to left, retard or accelerate them, and 
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sometimes even neutralise them for a time. In the neighbourhood of 
the coast, the extremes of- heat and cold which succeed each other on 
the continents cause the winds to deviate in their course/ and 
consequently it is only in the open sea, at a great distance from the 
coasts that the sails of ships are swollen by a breeze blowing almost 
constantly from the same point of the horizon; but even then 
the wind is stronger in the morning and evening than during the 
heat of the day. In the Atlantic, bordered on each side by continents 
tolerably regular in form, the trade-winds have the most uniform speed. 
In the Pacific, the multitude of islands scattered over the surface of 
the waters modify greatly the normal condition of the winds, and 
over a very great extent of their natural domain the trade-winds are 
transformed into monsoons. To the north of the equator the north- 
east winds only blow in a constant manner, between the Revillagigedo, 
and the Marianne Islands. As to the southern trade-winds, they are 
still more restricted ; they commence with the group of the Gallapa- 
goa at 1620 miles from the coast of America, and towards the west, 
they do not pass the Archipelago of Noukaliiva and the Low Islands. 

In rushing one against the other, the two opposite winds hold 
each other in check, and consequently their force is neutralized; 
it is thus that a circular zone of calms, variable winds, and sud- 
den aerial eddies is formed all round the earth, which, according 
to the seasons, occupy a breadth of from 155 to 620 miles on the 
surface of tlie sea. Nevertheless, wo must not suppose that, in this 
zone of so-called calms, the air is generally tranquil ; but the at- 
mosphere is more often in a state of equilibrium there than in any 
other part of the surface of the globe. According to the Pilot Charts 
of Maury, the mean duration of the calms of the Atlantic between the 
5th and 18th degrees of north latitude is to that of the winds in the 
proportion of 98 to 802, or of 1 to 8. During the period when the 
calms are most frequently produced, that is to say, in the month 
of November, and in the space comprised between the 12th and 13th 
degrees of north latitude, they prevail on an average half as much as 
winds coming from any point whatever of the horizon. 

We can understand that this zone which separates the two trade- 
winds of the north and south must necessarily be altered according 
to the seasons by the position of the sun, since it occupies on the 
circumference of the globe precisely those latitudes where the atmo- 
spliwio strata are most strongly heat^ by the solar rays, and where the 
vertical movement of the expanded air is produced. When the sun, 

• See below, Fig. 107, 
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after the 2l8t of Septeipber, crosses the equatorial line to tend towards 
the tropic of Cancer^ the centre of the tradd- winds, and consequently 
of the band of calms, moves at the same time towards the north; 
on the contrary, when the sim returns to the tropic of Capricorn, the 
most heated zone of air is gradually brought back to the south with 
the whole circulatory system of the trade-winds. At the end of 
March the northern limit of the equatorial calms of the Atlantic 
is found, on an average, towards the 2nd degree of north latitude, 
while at the end of September this same limit attains ordinarily the 
13th or 14th degree.* As to the southern limit, it oscillates in the 
same ocean from 1 to 4 degrees of north latitude, f In the equatorial 
regions of the Pacific, the zone of calms is similarly displaced from 
month to month, following the march of the sun, and its breadth 
varies from 135 miles in the month of February to more than 840 
miles in the month of August.^ In this respect the analogy is 
almost complete in the two great oceans. In consequence of this 
annual periodicity, the whole aerial system incessantly oscillates ac- 
cording to the relative position of the sun, and it is for this reason 
that, in the northern hemisphere, the north winds, being violently 
attracted towards the south, are much stronger in winter. Besides 
these, there probably exist monthly and semi-monthly oscillations 
resulting from the decimation of the moon.§ 

The central part of the zone of calms, which may be considered 
as the meteorological equator of the world, does not correspond 
with the equator properly so-called. On the earth, as in the 
higher organisms, the principal seat of life is placed out of the geo- 
metrical centre. The complete system of the winds inclines towards 
the northern hemisphere, and it is to the north of the line that the 
girdle of the equatorial calms is at all seasons developed. This pheno- 
menon, which might seem at first sight strange, results from the 
grouping of the greater part of the continental lands in the northern 
hemisphere, and from the difference of temperature, which must be, at 
least for one part of the world, the result of this unequal distribution 
of solid and liquid. It is also in the northern hemisphere that we find 
the desert of Sahara, the true geographical south of the earth, that im- 
mense extent where wooded tracts are relatively few, and where the 
reflection from the burning sands and rooks vaporize the douds 

* D'Apr^s; — Doto, LaLoidn (traduction L4jn*a8), p. 17. 

t Horsbnigh, Ea$t India J>irwtory, toI. i p. 26 . 
t Eerhallet, OoMidSrattont OMraletturVOc^an Paeijiqut, 

{ Kellor, Rennell. 
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which the atmospheric currents bring. The Sahara, and in a less 
degree all the tropical cdUntries of the northern hemisphere, act as 
a great centre, towards which the aerial masses flow. It results 
from the tables drawn up by Dove, that the mean temperature of 
the year is more elevated (92° Fahr.) towards the 10th degree north 
latitude, than it is at the equator itself (91*5° Fahr), while the mean 
balance is stronger towards the 20th degree of latitude (94° Fahr.) 
than in any other region of the world.* The high temperature of the 
continents thus forces the southern system of winds to encroach upon 
the northern system. 

♦ Dove, Vorhereitung der JTurme auf dtt Obtijlnche der Et de. 
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CHAPTER V. 

COUNTEB TRADE-WINDS OR RETURNING WINDS. 

The aerial masses brought by the two trade-winds cannot be in- 
cessantly accumulated in the region of equatorial calms ; they expand, 
rise to several miles of height, then, after having been mixed, and 
even partially crossed, they divide anew into two great returning 
currents which flow in an opposite direction in the upper regions of 
the atmosphere. Thus, as the natural philosopher Halley, who was 
the first to give a theory of the trade-winds, affirmed nearly two 
centuries ago, it would be absolutely impossible, if these two atmo- 
spheric counter-currents did not exist, that the equilibrium of the air 
could be established on the surface of the globe ; that which the 
breath of the trade-winds bring to the equator must necessarily be 
carried back by other winds towards the poles. The movement of 
the graceful clouds, so light that we see them from below floating in 
the heights of the air in the opposite direction to the trade-winds, is 
an incontestable proof of the existence of these higher returning 
currents.* Besides, two gfeat volcanic explosions, often mentioned by 
savants, have also furnished striking testimonies which confirm 
Halley’s theory in an indubitable manner. On the Ist of May, 1812, 
when the north-east trade-wind was in all its force, enormous quan- 
tities of ashes obscured the atmosphere above the island of Barba- 
does, and covered the ground with a thick layer. From whence came 
these clouds of dust P Qne would have supposed that they came from 
the volcanos of the Azores, which were to the north-east, never- 
theless, they were cast up by the crater of Morne Garou, situated in 
the island of St Yincent, at 125 miles to the west. It is therefore 
certain that the debris had been hurled by the force of the eruption 
abdVe the moving sheet of the trade-winds, into an aerial river, pro- 
ceeding in the contrary direction. In the same way, at the time of 
the terrible eruption of the volcano of Ooseguina, in Central America, 
ashes were carried by the returning trade-winds to the shores of 
* See 2^ Etirthf the eeotion entitled, Voleanoa, 




Fig lOS —Cloud of oiiiders from Monic Qaroii 


On the coasts of Africa, and along the Mediterranean, grains of 
dust, almost imperceptible singly, give another very remarkable proof 
of the existence of a great returning current in the high regions of 
the atmosphere. Sometimes a shower of yellow or red dust, resembling 
powdered brick, falls from the sky. Ships which were in the neigh- 
bourhood of Cape Verde, on the coasts of Morocco, or in the waters 
of the Mediterranean, have had their deck and sails completely 
sprinkled with these fine particles. Humboldt, who had the opportu- 
nity to observe this rain, believed that it was composed of silicious dust 
raised by eddies of wind on the coasts of the Sahara, while the sailors 
who witnessed this phenomenon saw in it only a shower of sulphur. 
But Ehrenberg, with the aid of his microscope, revealed the nature of 
this dust, which is nothing else, at least in the Atlantic and the 
Mediterranean, than the silicious skeletons of animalculce coming from 
the llanos of South America. It is thus certain that these iSi^ads 
of organisms, raised to a height in the air by the ascending curriad4i of 
the equator, have met above the trade-winds with a returning cur- 
rent, which has caused them to cross the immense basin of the Atlan- 
tic, and to reach the coasts of Africa, or even of Europe, as far as the 
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basin of tbe Eh6ne. The aerial currrents have thus become visible, 
by means of these clouds of infusoria.** 

In the equatorial zone the counter-current of the trade-winds can 
only commence at a height of from four to five miles above the level 
of the sea, fpr the highest summits of the Cordilleras remain entirely 
bathed in the lower current. The most southern mountain of the 
Atlantic basin, whence the returning wind has been observed, is the 
peak of Teyde, in the island of Tenerifie. There the masses of air 



Pig 104 ^Island of Teneriffe. 


flowing back from the equatorial zone, are already suflBciently low to 
surround the terminal point of the volcano (only 12,060 feet high) at 
all seasons. In winter, when the whole circulatory system of the 
atmosphere has descended towards the south, following the course of 
the sun, the returning current descends from the higher strata of the 
# • Haniy, Q^raphy of the Sea. 
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air, and strikes the surface of the water near the coasts of Portugal, 
then turns back again, and nlakes itself successively felt at Madeira, 
and on the middle and lower slopes of the peak of Tenerilfe.* Accord- 
ing to the astronomer Piazzi Smyth, it is at an average of 9000 feet 
of vertical height that the plane of separation between tfce two aerial 
rivera flowing in opposite directions is found. At the summit of the 
mountain the air is carried rapidly from south-west to north-east, 
while on the low parts of the island the trade-wind always blows 
with its habitual regularity. f The zone of clouds that it unrolls in 
an immense veil above the sea and the shores, docs not extend into 
that part of the heavens comprised between the two winds blowing 
difierent ways," but, on the contrary, it is found at a tolerable depth 
in the trade-winds. Between the upper and lower currents the 
air is calm and free from clouds. During the summer season, 
travellers who climb the sides of the peak of Tcnerifle, may con- 
fidently expect to find an unchanging sky directly after having 
passed the zone of clouds, from 900 to 1200 feet in thickness, which 
is spread like a second sea above the ocean.:]: At the change of 
the seasons, when the two opposing winds strive for victory on the 
slopes of the mountain, a few days are sometimes sufBcient to bring 
about a change of 3000 feet in the height of the intermediary 
zone. A battle between the two currents takes place in the sky ; 
soon the trade-wind mounts to the upper slopes of the peak ; now it 
is vanquished, chased from the heights of the atmosphere, and driven 
with all its system of clouds towards the lower regions. It is prin- 
cipally above the pass of Laguna, between Santa- Cruz and Orotava, 
that the combat takes place, and in consequence, this district of 
the island is frequently inundated with rains. Piazzi Smyth has 
recounted these grand aerial contests at great length in his work on 
Teneriffe.§ 

In the Pacific Ocean, analogous phenomena to those which occur 
in the Atlantic have been observed. Goodrich has ascertained that 
the normal current of the trade and returning winds make themselves 
felt at the same time, the one on the shores of the Sandwich Islands 
and the lower slopes of all the mountains of the Archipelago, the 
other on the summit of the volcano of Mauna-Loa. 

The direction of the upper counter-current is, like that of the 

* Humboldt ; Leopold too Bueb, IkHTipthn de$ Canariu, 
t PhiloBophical tide, 

t See below, the etotiou tatitUd, OSIMi and Bairn, 
i Ttnariff, pp. 178, 174, 433, to. 
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trade-winds, determined by the rotatory movement of the earth. At 
its return from the equator, each particle of air in movement turns 
towards the east, instead of deviating to the west, as in its voyage 
from the polar to the torrid zone. After having sojourned in the 
equatorial regions it traverses successively countries whoso speed 
around the axis of the earth is less than its own. In proportion as 
it retreats from the zone of calms, it thus finds itself in advance of 
all the subjacent points of the planet, and changes into a wind from 
the south-west. Below it, glides the north-east trade-wind, gener- 
ally in an opposite direction ; but in consequence of the friction of 
the aerial particles, a stratum of calm air is formed between the two 
atmospheric currents, where all the meteoric phenomena due to the 
contact of the two masses, unlike in heat, moisture, and electric tension, 
are manifested. According to Dove, the counter trade-wind would 
bend more and more to the east, because of the increasing curve of 



Fig 106 —Theory of Dove Theory of Muhry 

the earth in the direction of the pole. According to Muhry, on the 
contrary, the direction of this wind would be exactly parallel to that 
of the lower current, and would curve gradually towards the north, 
in consequence of the attraction exercised in the polar regions by the 
wind which descends towards the equator. This last theory appears 
the most probable ; but it is for direct observation to decide in a 
definite manner.* 

One might believe at first that the upper counter-current flows 
towards the pole, maintaining itself in the high regions of the atmo- 
sphere, and that the polar wind, on its side, more compact in its particles, 
because of the oold, always glides over the surface of the globe. It 
is only rarely that it is so. In a somewhat undecided region 
which, for the North Atlantic, oscillates alternately, according to the 
seasons, from the 21st to the 2dth degree of latitude, the returning 
wind commences to descend fzmn the heights of the sky to the sur- 
face of the sea, and strikes against the aerial masses which flow from 
* pon P 0 t 0 mann, ix. 1866. 
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the poles towards the burning latitudes of the equator. The zone 
where this shock of the winds occurs is considered as the outer limit 



Tig 106.— Yariatioxu in iho Tnida-Winds. 


of the trade-winds ; but it is incorrect to give it the name of the zone 
of tropical calms, for if the complete equilibrium of the atmosphere 
is more frequent there than in the regions bordering on the north 
and south, yet, nevertheless, the calms hardly last more than a day in 
the space of two or three weeks.* During the summer of the north- 
ern hemisphere, when the sun is at the zenith of the tropic of Cancer, 
the counter trade-winds may make themselves felt with tolerable 
regularity, as far as the latitude of the north of Germany, or of St 
Petersburg. In autumn and in winter the domain of these returning 
currents is unceasingly restricted towards the north, and increases to 
the south. Brest and then Lisbon are its extreme limits in the 
northern hemisphere, till the sun resumes its march to the north. 

Why does the upper current thus descend from the heights of the 
atmosphere during the greater part of the year ? Doubtless, because 
it carries with it enormous quantities of watery vapour, which renders 
it heavier than the cold dry air from the poles. Owing to its tem- 
p|{||tture, it first rises higher than the Cordilleras, then, being 
giwually cooled, it sinks under the weight of moisture that satu* 
* lArtigae, liwy, JVlot CharU, 
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rates it, and when it finally enters the temperate zone, it falls to 
the surface of the earth with clouds and rains, and strives for su- 
premacy with the polar current. The difference of specific cold 
between the opposed masses of air must be very small, since by turns 
each gains the advantage. Often the current coming from the 
torrid zone, recognizable from below by its trains of cirriy cannot 
reach the surface of the ground, and maintains itself as far as the 
pole in the upper strata of the atmosphere, whilst the wind that 
blows from the frigid zone forms a continuous current over the earth, 
from the pole to the equator. Still, we must consider the south-west 
wind as the prevailing wind of the northern temperate zone, for it 
makes itself felt there much more frequently than the contrary cur- 
rent, the proportion of the former being nearly double between the 60th 
and 56th degree of latitude.* We know that sailing vessels formerly 
required 4G days on an average for the voyage from Europe to the 
United States, whilst the return, facilitated likewise by the Gulf- 
stream,! was accomplished in 23 days. The winds from the south- 
west and west, which are nothing else than the counter-current of 
the trade-winds, blow with such regularity in these parts, that one 
might give the names of ‘‘ascending voyages'^ to the passages from 
Europe to America, and “ descending voyages '' to those in the op- 
posite direction. Corresponding phenomena occur in the southern 
hemisphere ; there it is the north-west winds which blow most fre- 
quently beyond the southern limits of the trade-winds. 

Thus the two permanent winds which are drawn towards the 
equator by the expansion of the warm air have each their proper 
domain, limited in one direction by the calms of the equinoctial line, 
in the other by the irregular winds of the temperate zone. Still these 
limits oscillate incessantly from month to month and from season to 
season, and one cannot indicate them in a precise manner. On a 
general map of the trade winds, it is sufficient therefore to trace the 
extreme frontiers of these currents for winter and summer.^ On an 
average, the space in the Atlantic over which the north-east wind 
blows, embraces from 18 to 20 degrees of latitude, or from 1245 to 
1275 miles; in the South Pacific the domain of the south-east trade 
wind would not be less than 30 degrees, § or 2045 miles. 

Between the atmospheric and oceanic currents the analogy is 
evident. The maritime river which is founded at the junction of 

* Maury, PUoi Ckarti, t See above, p. 76. 

i See above, Fig. 106. 

§ Eerballet, QmiMratwm Oin&ul$i sur V (Man Faei/lque. 
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masses of water coming from the two polar seas, corresponds to the 
equinoctial zone, where the trade-winds of the north-east and south- 
east meet. Obliged to extend laterally while maintaining themselves 
under the common level of the maritime reservoir which contains 
them, the tepid waters of the equatorial current flow afterwards 
towards the north-east parallel to the counter-current of the trade- 
winds which has risen into the heights of the atmosphere. Under the 
influence of the same causes, the two oceans of air and water move in 
the same direction, and their movements are subject to the same 
oscillations to the north or south during each alternating period of the 
seasons. In summer, when the Gulf-stream is prolonged far into the 
northern sea, the double system of the north trade-winds and counter- 
winds advance several degrees into the temperate zone, while during 
the winter it flows back again towards the tropic of Cancer, followed 
by the Gulf-stream, which bends gradually towards the south. The 
resemblance would bo complete if the water weye an elastic and com- 
pressible fluid like air, and were not enclosed in a basin wh^^e borders 
it could not pass. The difference of the means explains the differ- 
ence of the currents which the heat of the sun and the terrestrial 
rotation produce in the ocean and in the atmosphere. 
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CHAPTER VI. 

THE THADE-WINDS OP THE CONTINENTS.— THE MONSOONS.— ETESIAN WINDS. 

The trade-winds, as we said, have not the sai|^ regularity on the 
continents as over the seas. On the surface of the ocean the masses 
of moving air are not arrested by any obstacle ; they are propagated 
freely towards the equatorial zone, and can scarcely be turned from 
their route by the attraction of any mariner^centre of heat, as the 
temperature of the water only increa, 9 cs or diminishes very slowly, 
and the oscillations of the thermometer from day to night do not at- 
tain 36 degrees Fahr.* In the midst of the large islands and the con- 
tinents it is no longer so. Their mountain-chains oppose the 
course of the winds, and cause them to change their direction ; 
forests, prairies, sheets of inland waters, platea\uc with long slopes, 
hilly countries, large plains, and the innumerable variations of topo- 
graphical relief, are variously heated by the sun, and by this very 
circumstance turn aside or rci)el the wind w^hich blows from the 
neighbouring seas. In the higher regions the current can, it is true, 
continue its normal movement above the plateaux and the moun- 
tains ; but below the uneven surface of the country is traversed by 
irregular winds. rHere the band of equatorial calms is completely 
obliterated, there it is enlarged in an abnormal manner ; the winds • 
are deflected variously on one side or the other, and are directed 
towards that country whoso air is most expanded by the rays of the 
sun. Nevertheless, it must be said that only a very insufficient num- 
ber of meteorological observations have as yet been made in the 
greater part of tropical countries. 

Still wo cannot doubt but that the trade-winds blow over vast con- 
tinental tracts, as well as over the surface of the seas. In fact, the 
want of rain and the almost complete absence of vegetation in all that 
part of Africa known by the name of the desert of Sahara, prove in an 
indubitable manner the existence of a regular wind from the north- 
east. After having passed the high plateau of Asia# and having dis- 
charged itself of the greater part of its watery vapour, this atmospheric 
current traverses obliquely the whole of Africa from the banks of the 
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Nile to those of the Niger. On this enormous track of nearly 3000 
miles it only lets rain fall on some mountain-summits, such as the 
Djebel-Hoggar, and scarcely casts a single cloud on the unchanging 
azure of the sky. On the western coast of the Sahara, the burning 
wind called the Hannattan is nothing else than the north-east trade-* 
wind more or less turned from its course because of the neighbourhood 
of the sea. Towards the 17th degree of north latitude, on the south- 
ern frontiers of Soudan, clouds are at last formed in space, abundant 
rains penetrate the soil, and the aridity of the desert gives place to 
a fine vegetation ; Ais is, because the domain of the permanent winds 
terminates there, to be replaced by the zone of equatorial calms with 
an ascending current loaded with aqueous vapours. In the southern 
part of Africa, the trade-winds of the south-east make themselves re- 
gularly felt, and according to the testimony of Livingstone, traverse 
the entire continent from the mouths of the Zambesi to the coast of 
Angola. On the other side of the great strait of the Atlantic, the 
tropical regions of South America are likewise refreshed by the con- 
stant breath of moist winds from the south-east. Brazil, I?<iraguay, 
a great part of the Argentine republic, Bolivia, Peru, Guiana, and 
Columbia, are comprised in this great meteorological region. The 
trade-wind, turned back under the equator in an cast and west di- 
rection, ascends with a uniform force the valley of the Amazons, 
penetrates into the gorges of the Andes, and even crosses by all the 
defiles the high barrier of mountains ; but sheltered by this enormous 
rampart the shores of the Pacific are not subjected to the influence of 
the east wind. The vessels which sail in the open sea have to traverse 
from 120 to 625 miles, according to the latitudes, before a gust of the 
•trade-wind, descending from the summit of the Andes, comes to 
swell their sails and drive them to the coast of Australia. 

Even in those parts of the world where the tropical winds cease to 
be permanent, the oscillations and deflections of the atmospheric cur- 
rent present in general a periodical character and occur regularly, 
according to the course of the seasons. Among the regular re- 
turn winds we may cite principally the “ monsoons of Indm and 
Arabia. The Arabian name for those meteoric phenomena, mauaaim^ 
or mousdnif signifies change, season; it is because, in fact, they 
divide the year in the most exact manner into two totally distinct 
periods. During the great heats of summer, the arid plateaux of 
Central Asia, and even the plains of Hindostan, much more heated 
than the sea, act like a great respiring pump ; the air which rests 
above this part of the Asiatic continent expands, and in oonsequenoe 
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new aerial masses flow without cessation from the Indian Ocean to 
the countries on the north. According to Dove, the trade-wind of 
the south-east, carried away by this general displacement of the air, 
would itself cross the equator, enter into the northern hemisphere, and 
transform itself gradually into a monsoon from the south-west, 
because of the great speed it acquires at the equator. Still it is 
not probable *^that it is so, for the monsoon has not the same vertical 
height ns the trade-winds, and its direction is not uniformly from 
south-west to north-east, as on the coasts of Malabar ; in the valley 
of Scinde and in that of the Irawaddy it is directlji^ south ; at the ex- 
tremity of the Gulf of Bengal, at Siam, at the eastern angle of the 
Asiatic continent, its direction is from south-east to north-west, per- 
pendicular to the coasts which attract the wind.* 

Saturated with the moisture which has evaporated from the great 
cauldron of the Indian Ocean, the monsoon inundates the coasts of 
Malabar with torrents of rain, deluges tho shores of the transgan- 
getic peninsula, and then strikes against the high mountains of the 
Himalaya, and other chains, which border the plateaux of Central 
Asia on the south, but it does not cross this barrier. By its clouds 
charged with rain, which are rent by the escarpments of the inferior 
peaks, we see clearly that the sea wind does not pass the altitude of 
4950 to 8250 feet, and that above it another aerial stratum is mov- 
ing in the heights. Tho movement which carries along this elevated 
stratum is the same as that of the monsoon from the south-west ; but 
we recognize by its long trains of cirri, from 16,500 to 25,500 feet 
high, that great returning current, or counter trade-wind, that blows 
at the same elevation above tho Atlantic in the neighbourhood 
of the Canaries. 

When the sun, in its course over the ecliptic, returns towards the 
tropic of Capricorn, the centre of attraction is at the same time dis- 
placed in a southerly direction. The monsoon of the south-west ceases 
to tend towards the great peninsulas of Asia, the regular wind from 
the north-east recommences to blow, and the currents of attraction in 
the southern hemisphere turn back towards the islands of Sunda and 
Australia. Owing to this regular alternation, which was a surprise 
to the ancient Greek navigator Hippalos, the mariners of the Indian 
Ocean may count beforohand on a favourable wind which by turns 
will drive their ship before it for the two passages, going and return- 
ing ; and they have not to dread those prolonged calms which are the 
bane of sailing vessels in the equatorial zone of the Atlantic and the 
* MUhry, Z$itiehrfftjur M$ttorohgi$ von Carl No. 21, 1867. 
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South Sea. The circulatory system does not iu any place paas be- 
yond the lower strata of the aerial ocean, and we may easily perceive 
above the islands of Sunda and Australia, as well as over the sides of 
the Himalayas, the constant progress of the clouds which are brought 
by the regular trade-winds. A volcano of Java, observed by Jung- 
huhn, affords a remarkable example of this. From its summit, about 
9900 feet high, a column of vapour escapes all the year round, which 
bends gracefully in space, and directs itself towards the west, or north- 
west, in a long whitish cloud, and it is in precisely the opposite direc- 
tion that the monsoon blows during six months of the year, on the 
slopes as well as at the foot of the mountains. 

The monsoons of the East Indies are not the only winds which 
break the uniformity of the trade-winds. In all those parts of the 
tropical zone where the shores of the continents are disposed parallel* 
to the equator, the winds alternate regularly, in consequence of the 
greater rarefaction of the air which occurs now on the earth, now on 
the sea, according to the position of the sun. Thus, d;^ring the 
greater part of the year, the African coasts, which stretch from the 
Bight of Benin to Cape Palmas, attract the monsoons of the Gulf of 
Guinea. These masses of air changing their diiection, turn back to 
blow in a north-easterly direction, and rush rapidly towards the great 
furnace of the Sahara, where the overheated atmosphere is usually 
more expanded than in any other country of the world. Towards 
the month of January, whSn the Sahara itself has become colder than 
the equatorial seas and the banks of the Congo, the trade-wind of 
the north-east re-assumes the supremacy, and traverses the whole of 
Northern Africa obliquely to the south, towards the coasts of Southern 
Guinea. Very violent at first, it soon becomes weaker, and hardly 
lasts but two or three weeks, when it again gives place to the marine 
monsoon. During its short prevalence the current coming from the 
desert docs not cease to bring with it a white dust having the appear- 
ance of a thick fog. It is the sand of the Sahara, which in the 
regions situated immediately to the north of Guinea is almost white, 
while further the dust raised from the ground by the Ilarmattan is 
nearly red.* 

On the coasts of Chill, on those of California, in the islands of the 
Pacific, around the Gulf' of Mexico and the sea of the Antilles, analo- 
gous phenomena occur. In summer the valley of the Mississippi and 
the plateaux of Texas are traversed by real monsoons, which dis- 
tribute the rain over that part* of the continent, and ihm are in turn 
* Borghero, Bulleitn de la Soc%4i6 de Q4ograph%e^Z\^^t ISSS* 
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replaced by those dangerous winds from tho north or north-east 
{nortea), which are themselves trade-winds, more or less turned aside 
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from their route On their side, tho western shores of Mexico present 
a similar altci nation of A^inds, those from the south-west coming 
in summer, and those from the nortlj-east in winter. On coasts 
parallel or merely oblique to the path of the trade-winds, a part of 
these winds is not brought back, as in the West Indies or at Guinea, 
but it is more oi less attracted by tho centre of heat, which lies out 
of its regular course. It is thus that on the coast of Morocco, and 
near the Archipelago of the Canary Islands, tho wind from the north- 
east is subject to a considerable deviation towards the African conti- 
nent, and is sometimes transformed into a wind from the north. In 
the same way the plateaux of New Granada and the llanos of Vene- 
zuela turn aside the normal current which, penetrates into the sea of the 
Antilles, and oblige it to blow perpendicularly to the coast. Thus a 
periodical bree/o {los brisotes) is produced, which may be considered 
as an intermediate wind between the monsoon and the trade-wind 
properly so-called. 
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The winds of the Eastern Mediterranean, to which 
gave the name of Etesian winds (from etos, year), are 
else than monsoons. These are atmospheric currents dra^ 
north towards the continent of Africa, by the powerful cenfj 
traction formed by the sands of Egypt and the Sahara. Dur 
the whole summer the aerial masses which repose above 
Europe are thus carried away to the coasts of Africa, and eve 
perate countries with variable vdnds, like Italy, Provence, i 
it is affirmed that the predominating currents are those from \ 
Owing to this general movement of the air, the passage froi| 
to Africa is accomplished on an average more rapidly than th 
ing voyage ; for the sailing vessels, which traverse the Medi| 
between France and Algiers, the passage from the north to i 
is about a quarter less than the route in the opposite direcl^ 
the northern part of the Balearic Islands, and especially of ] 
laid waste by a wind from the north, which stunta veget 
causes all the trees to lean in a southetly direction.* 


• Marife-Davy, Lw MotwemenU dc V Atinottphi^rt et Mctn, 
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CHAPTER VII. 

) SEA BKEEZBS. — WINDS FROM THE MOUNTAINS.— SOLAR BREEZES. — LOCAL 
leiNDB. — THE SIMOON, BOIROCOO, FCBHN, TEMPESTS, AND MISTRAL. 

the lateral deviations which occur twice in the year, the 
nds are subject along the coasts to rapid daily deviations, 
ble outline of the continents is bordered, so to speak, with a 
jf breezes produced by the difference of temperature between 
and the water. During the day the countries of the coast- 
heated much more rapidly than the surface of the ocean, 
ten o’clock in the morning, after a shorter or longer period 
1 , a rupture of the equilibrium occurs between the aerial 
and the fresher atmosphere reposing above the waters tends 
the land, there to replace the expended air which rises into 
ler regions. little by little this movement of translation, 
t first only made itself felt in the neighbourhood of the coast, 

I licates itself to all the surrounding atmospheric strata, and 
breeze moving nearer and nearer through the ocean of air, 
a tolerably large space above the sea and the Continent, 
^ unites as an iron plate unites the two branches of a magnet, 
the night the ground loses by radiation a great part of the 
heat that it had received, while the sea preserves pretty nearly the 
temperature of the day. The equilibrium is again disturbed, but it 
is now in the direction of the sea ; the breeze is brought back, and 
blows in the opposite way. It is thus that in the space of 24 hours 
the breeze oscillates from land to sea, and from sea to land, by a motion 
of ebb and flow, analogous to that of the tides. In the countries of 
La Plata these alternate breezes from land and sea present such a 
regularity that they have received the name of nrazones (gyrations). 
Around Otaheite they also succeed each other with such punctuality 
%at a vessel could for several consecutive nights make the tour of the 
island, and always with the wind behind it. 

These breezes, which one might also call daily monsoons, oo-^xist 
wfth the movement of the trade-winds, and are in consequence carried 
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along in the general circuit. Instead of being at right angles to 
the coast, they more often form with it an acute angle ; they blow 
cross-ways, as Captain Dampicr said. Nevertheless, it is not 
only in the domain of the trade-winds or along the borders of the 
ocean that the littoral breezes occur ; they blow everywhere where a 
considerable difference of temperature exists between the land and the 
water, wherever the fresh air of the soa or of a lake goes to fill the 
vacuum left on the coast-line by an ascending current of warm air. A 
remarlcablc example of it is seen in the narrow Adriatic Sea. There, 
during each fine day, the breeze rises in the centre of the gulf, and 
takes its direction at the same time in two contrary ways; on one 
side towards the shores of Italy, on tho other towards the islands 
and mountains of Istria and Dalmiatia. During tho night the 
coasts that surround the wafers of the Adriatic send back to the 
sea, as to a common centre, the fresh air which they have received ; 
1o the divergent currents of the day succeeds a wavo'‘of convergent 
breezes. 

In the same way the mountains have their own system of breezes 
alternating with a regularity similar to that of the land and sea 
breeze on the coasts of the ocean. In tlic day, especially in summer, 
when tho summits of the mountains arc exposed to all the intensity 
of the solar ray^, and receive a considerable quantity of heat which 
causes their temperature to approach that of the valleys, the air 
reposing on the summits expands and rises. At the same tiihe the 
uir of the plains which lie at the foot of the mountains is itself expand- 
ed in greater proportions, so that an ascending current is produced 
from the base to the summit of tlio peaks, in all the valleys, and over 
all the escarpments. The atmospheric strata of the plain move in the 
direction of the heights with all tho more impetuosity the more 
strongly heated the summits have been by the sun. In certain valleys, 
especially those of the Stura, and other Alpine rivers, which water 
the plains of Piedmont, the ascending* wind has such force that the 
greater part of the trees arc uniformly inclined toward* tho mountains. 
Pollen, remains of jdants, insects and butterflies, are carried away by 
the current of air, and by their debris soil the whiteness of the snow. 
In tlie night, phenomena of an opposite kind are produced, but with 
less intensity ; the high mountains whoso summits rise far into the^^ 
sky, lose their heat b}’' nocturnal radiation more rapidly than the val- 
leys the sheets of air which surround them arc obillod and descend 
again, in part towards tho plains from which they had ascended a 
few hours before. Thus an exchange between the two zones is estal)- 
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lisliecl, an obb and flow, a rising and falling atmospheric tide, regulated 
in its intensity by the variations of the temperature ; and here we 
see again, as in the coast breezes, the rotatory movement pointed out 
by Dove. 

As an example of these breezes, called in the French Alps jjonfias, 
rehats, aloups da vent, we may cite the throe aerial currents which 
flow incessantly in the valleys of Savoy, unless the local system of at- 
mospheric currents be moditied by toraposts. These throe streams of air 
are those of Faucigny, Tarcntaise, and Maurienno. The first traverses 
the valley of tho Arvo from Geneva to Mont Blanc ; the second moves 
in the valleys of tho Isere, and its tributary, the Doron ; the third 
alternately ascends and descends the valley of tho Arc towards Mont 
Cenis and the pass of Iseran. Ordinarily, the ascending wind com- 
mences towards ten o’clock in the morning in the valleys of 8a vo}', 
and the descending current flows back again towards the plains at 
nine o’clock in the evening. In certain places, it is called matinlhr, 
because it makes itself felt, most of all, before the rising of tho sun. 
M. Fournet, who has for a long time studied those phenomena of 
atmospheric tides, has ascertained that the passage, from the obb to tho 
flow, is especially rapid in the narrow defiles, while in the largo 
basins the alternation is produced after a scries of aerial oscillations, 
and gusts of wind in the opposite direction. Each valley owes a spe- 
cial atmospheric condition to its particular form ; in one, the successivo 
breezes are slow and undecided in their pace ; in another, they alter- 
nate abruptly, and with violence, producing in the space of a few 
hours variations of temperature of 35, 45, and even 55 degrees. 
In general, the breezes are regular in the regular valleys, and only 
present remarkable peculiarities at their issuing into the plain, or else 
at the confluence of two gorges. Among these winds with peculiar 
motions, a breeze of the Ilhenish basin may be mentioned, known 
under the name of the Wisper~w\nd. Emerging above Lorch, from tho 
narrow valley of the Wisper, which is filled with woods, and so situ- 
ated as to be subject in its difierent parts to all the extremes of temper- 
ature, this breeze generally blows till eight, nine, or ten o’clock in tho 
morning, then crosses the Rhine, strikes against the rocks of the loft 
bank, and divides into two currents, one of which re-ascends to the south 
towards Bingen, increasing itself on the way by several small tributary 
winds ; while the other, which is weaker, descends to the north 
towards Baoharach. 

Even in the plains and countries but slightly varied in surface, 
daily breezes may succeed each other regularly, because of local differ- 
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ences of temperature produced by the progress of the sun. In the 
morning, as soon as the sun rises, the temperature, which had fallen to 
its lowest because of the nocturnal evaporation, increases rapidly, the 
air expands and spreads towards the colder spaces which extend on 
the side of the west ; a little wind from the east results from this, 
which becomes gradually a wind from the south-east, in proportion as 
the sun mounts above the horizon. At noon the expanded air spreads 
in the direction of the north ; and finally, towards the evening, it is 
on the eastern side, where the aerial strata are chilled, that the surplus 
air, still heated by the solar rays, directs itself. Thus, when the at- 
mosphere is not agitated by a general wind, a breeze turning regu- 
larly round the horizon in the same direction as the sun must be pro- 
duced. In the northern hemisphere this movement of gyration is 
accomplished from east to west by the south ; in the opposite hemi- 
sphere it is by the north that this diurnal breeze efiects its gradual 
revolution from east to west. In mountains the phenomenon is 
more complex, on account of the ascending and descending breezes, 
which are intermixed with the gyrating ones. It is remarked, how- 
ever, that the greater -part of the local winds, determined by the dif- 
ference of temperature, tend towards the west in the morning, then 
turn gradually in an opposite direction, and blow towards the 
east when the sun is sinking. These are the solaiires {salts dura) or 
solar winds of the Department of the Drdme.* 

As to the local winds, which characterize certain regions, they 
originate in the unequal distribution of heat. Such are the chanmn 
of Egypt, the pampero of the Argentine Republic ; such, above aft, 
is that aerial current to which the name of Simoon, or “ poison- 
ous,” is given, in the Sahara. As soon as this wind commences 
to blow the panting traveller can scarcely breathe ; the air is burn- 
ing and dried up, as if emerging from the mouth of an oven ; the 
heat, increased by the radiation of ix^umerable grains of sand which 
float in the atmosphere, rises rapidly to 113, 122, and even 133 
•degrees Fahr. ; the sun is veiled, and every object assumes a violet or 
d^^k-red hue, while space is filled with dust. In order not to be 
smothered by this irrespirable air, travellers must envelop their 
faces in their garments, and the camels bury their necks in the 
sand. But the simoon is not always accompanied by clouds of 
dust. ^Palgrave, who endured a violent simoon in the desert of 
Arabi^saw not a single cloud of sand or vapour in the sky, 
• Foumot, Eh6ne* 
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and could not explain the sudden gloom which had invaded the 
atmosphere.* 

In Sicily and in the south of Italy a warm wind occasionally 
blows from the south, which is considered as a sort of simoon, and is 
saturated with moisture in passing over the Mediterranean ; this is the 
Bcirocco. Usually it is not very rapid, and its gusts are interrupted 
by stifling calms ; the surface of the water is hardly agitated, a mist 
of vapours broods on the horizon, and the sun hides itself behind 
a veil of whitish clouds. Under the enervating influence of this wind 
from the south, all exertion becomes painful ; but still the terrible 
phenomena, which occur during the simoon, have never to be 
dreaded. 

In the Alps of Switzerland the south wind is known under the 
name of /a?An, a word derived from favonim, the southern wind 
of the Romans. What is, then, the origin of this current P Has 
it originated in the Sahara, as Messrs. Desor, Martins, and Escher von 
der Linth believe, and has its burning breath first served to melt the 
ancient glaciers of the Alps P Or is it simply a counter trade-wind 
descended from the heights of the atmosphere, and does it come from 
the Atlantic and the Caribbean Sea, as iTovb asserts ? Would not 
the moisture which it brings tend to enlarge the vast rivers of 
ice P The latter seems probable ; but however it may be, the fmhn 
frequently changes its course, and whether or not it is a continua- 
tion of the Mediterranean scirocco, the inequalities in the relief of 
the mountains modify its character singularly. In rising over the 
slopes, the air expands more and more in consequence of the iesser 
atmospheric pressure, and it loses a great quantity of heat; from 
the warm wind, which it was at the foot of the mountain, the foehn 
becomes a cold current. The ridge once crossed, the aerial mass, 
which descends again towards the plains, is gradually compressed 
by the upper strata, and the quantity of caloric, which had disap- 
peared because of the expansion, is reproduced ; the cold wind of the 
summit is heated again to blow in the valleys. This is a remark- 
able phenomenon in the mountains which separate Valais from 
Piedmont and Lombardy. From being very warm at the entrance 
to the Italian gorges of the Alps, the atmospheric current from 
the south is cooled by from 85 to 55 degrees in passing over 
Mont Rosa ; it lets fall rain and snow in abundance ; then, after 
having descended again on the opposite slopes, it brings to the 
* A llir'i Trmi m CmttiU Arabia^ 2 yoIb. 
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peasants of Switzerland sometliing of the burning climate of the 
tropics.* 

As to the fearful tempests or tounnentes which occasionally sur- 
prise the traveller on high mountains or in the snowy plains, they 
may result from winds blowing from almost any point of the 
horizon. It is a terrible thing to bo assailed by one of these 
phenomena. The white masses carried by the gusts of wind hide 
all surrounding objects. The unhappy people lost in this storm 
see neither the neighbouring slopes nor the slty above their heads, 
nor even the path beneath their feet. Deafened by the noise of the 
tempest, blinded by the powder}’^ clouds which lush their faces, frozen 
by the snow which hangs in stalactites to their hair and changes their 
clothes into stiff and heavy masses, the travellers soon lose their way, 
and sink stupefied by the cold. Hundreds of corpses of men and 
horses, which have fallen here and there in certain passes of the 
Karakorum and the Himalayas, recall these terrible snow-storms, 
which have prevailed over these mountains. Accidents of the same 
kind are very numerous also on tlu* parfunos of Indfa, Chili, Bedivia, 
and Peru, Even the 1 ‘yrenees and the Alps, where the most fre- 
quented passes are provided >\ith hospices, A\hcrc travellers surprised 
by the whirlwind of snows may take refuge, many unfortunate 
persons perish every year in these ioiiruK ntvs. 

The countries to the south of France have also to submit to 
the effects of a wind, which is a real scourge ; it is the wind from the 
north-west, to which popular imagination has gi\cu the name of 
*‘ma»tcr’* {muira^j mayidraoii, mnv^h'alv) . It is caused, like the al- 
ternate winds from the mountains, by the juxtaposition of two 
Burfuces unequally heated. This aerial current is unhappily well- 
named, for its speed, comparable sometimes to that of the hurricane, 
suffices to uproot trees and throw down walls. “ The mdamboreaSf^* 
says Strabo, ‘‘is an impetuous and terrible wind, which displaces rocks, 
precipitates men from their chariots, and 6tri2)8 them of their vestments 
and arms.*' The Gauls of the valley of the Ilhoiio saw in it their most 
dreaded god ; they raised altars and offered sacrifices to it; the Pro- 
ven9als considered it wdth “ Durance,” and the ** Parliament^* as one of 
their three great calamities. This wind makes itself especially felt in 
winter and spring, when the Cevennes, covered wdth snow, have become 
relatively very cold, and the sea-shores continue to be heated daily by 
the rays of the sun : then the masses of air roll in volumes from the 

^ llulmUul/, la Glave ei h» Cj^emrt, 
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eummit of the mountains, to replace the ascending current of the ex- 
panded atmosphere, which is formed above the region of the coast-line. 
During the night, it is true, the low lands situated at the base of the 
mountains lose their heat by radiation, and the afflux of cold ajr 
diminishes, to recommence on tho morrow, when the sun warms 
the atmosphere of the plains anew. In summer, the difference of 
temperature is loss between the shores and the desert escarpments 
of the Cevennes. The mistral is very feeble during this season, or 
it even entirely ceases. In various parts of tho coasts of Spain, Italy, 
Greece, and Asia Minor, winds of the same kind, kuoAvn under 
other names, descend in the same manner from the summit of the 
bordering mountains. 
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CHAPTER VIII. 

ZONE or VAEIABLE WINDS.— -BTRUGOLE OP OPPOSING WINDS.— MEAN DIRECTION 
OP THE ATMOSPHERIC CURRENTS.— LAW OP GYRATION. 

Beyond the changing limits where the trade-winds of the two 
hemispheres blow, commence the zones of variable winds. There the 
masses of air flow now in one direction, now in another, and appar- 
ently in a very irregular fashion. Sometimes a single wind directs 
itself incessantly during whole weeks towards one point of the 
horizon; sometimes the atmospheric currents which succeed each 
other make the tour of the compass in a few hours ; at other times, 
again, Ihe air remains calm between two meteorologicaf regions whore 
the winds move in opposite directions. Indeed the word tccathercock 
has become a synonym of all that is unstable and versatile. 

That which contributes to this disorder of the air in Europe, and 
in the other lands which are outside the zone of the trade-winds, 
is the inequality of the ground. The general currents which 
pass above a chain of mountains do not blow with the same regu- 
larity as in the plain. In fact, the winds must be all the more un- 
equal in their successive gusts, the less even the surface is over 
which they blow. The same wind which moves over the seas with 
the uniformity of an immense rivor, departs from its regular pace as 
soon as it is interrupted in its course by inequalities of the soil. At 
the foot of the grand mountains of Switzerland, and especially in the 
environs of Geneva, where the surface relief is already very varied, 
the alternations which are produced in the force of the wind are such 
that the anemometer sometimes indicates a variation of intensity from 
single to triple. In the high gorges of the Alps it often happens, 
even during violent tempests, that the atmosphere presents at intervals 
the most perfect calm. To all the furies of the tempest there succeed for 
an instant silence and repose, then the hurricane recommences to blow 
with great violence, ^is is because the atmospheric currents, 
similar in this respect to the rivers of the ocean, do not direct them- 
selves invariably towards the same point offhe horizon, and move by 
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Buccossive oscillations now to the right, now to the left of the axis of 
their movement. In consequence, when wc find ourselves placed on 
a point in the mountains which commands a view of the highest 
peaks, we must, according to the various directions which the aerial 
current takes, be by turns exposed to the fury of the tempest, or 
protected by some high summit on which the force of the wind is 
broken.* Even in countries hut slightly varied in surface, or over 
plains covered with houses and woods, the wind does not blow in 
equal manner like the trade-wind of the seas. It advances by 
a series of gusts and blasts, each one of which represents a vic- 
tory of the atmospheric current over an obstacle on the plain. Close 
to the ground the wind is always intermittent, while in the heights 
of the air it proceeds almost always with an equal and majestic move- 
ment like the current of a river. 

The abrupt gusts of the lower strata of this ocean are thus only 
secondary phenomena, and in all the sadden turns of the winds 
which one might easily believe to have occurred by chance, the dis- 
order is more apparent than real. Though the wind makes itself felt 
by turns from every part of the horizon, thore, nevertheless, exist 
only two atmospheric currents in each of the temperate zones ; that 
which comes from the pole to replace the expanded air of tropical 
regions, and that which flows back from the equator after being 
raised in the heights of space above the stratum of the trade-winds. 
In the northern hemisphere these two winds set out, one from 
the north, the other from the south ; but in consequence of the 
rotatory movement of the earth, their direction is gradually changed^ 
like that of the trade-winds. The wind from the north changes into 
a wind from the north-east, while the wind from the south ends by 
blowing from the south-east. Thus, as Dove remarks, the greater 
part of the aerial currents deceive the observer, because they do not 
come from the regions whence they appear to blow. The wind from 
the north-east is in reality much more the wind from the north than 
the mass of air whose direction is truly southern ; in the same way, 
the wind from the south-east is truly the south wind, and that which 
seems to come from the south has the south-east as a starting-point. 

Two great aerial currents thus dispute the extent of each terrestrial 
hemisphere from the pole to one of the tropics. Generally, all this 
space is divided into vast oblique bands, composed of masses of air 
flowing in opposite ways, some from the pole, and others from the 
equatorial regions. Th#* bands move over the circumference^ of the 
* H. de SaUBSure, dam Lea Alpta* 
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globe, and in the same space, it is now the polar wind, and now the 
tropical wind which prevails. But a compensation never fails to bo 
ofFocted between these atmospheric currents, axld the wind neutralized 
or repulsed in one part of the hemisphere soon makes itself felt at 
another point. While the strife exists between two masses of air 
animated by contrary movements, the vicissitudes of tho coiifliet and 
the gradual preponderance of one of the winds result in temporarily 
modifying the direction of tho air, and making the weathercock 
turn successively to the various points of the horizon. It is from 
tli?e meeting of two regular winds that the apparent irregularity of all 
the atmospheric system results. 

Though the strife between the two aerial streams, now at one point, 
now at another, does not cease, they are not, however, equal in force, 
and one of them always finishes by gaining the victory after a longer 
or shorter period of resistance. I'his wind of superior force is the 
returning current, descending from the heights of space to reach tho 
level of the ground beyond the zone of the trade-wdiHs. In fact, it 
is evident that in its circuit round the planet any one stratum of air 
must be muoh more expanded w^hen it repairs from the torrid zone to 
tho frozen regions, than it is on its return from the jDole, after having 
been condensed by the cold ; it occupies thus, in coiisequoncc of its 
temperature, a much greater space in the first journey. This is 
not all ; the vapours with which the air of the equatorial zone is 
loaded, contribute to expand it still more, wdiilc the polar winds are 
relatively dry, and, consc^qucnlly, much more dense. Thus the winds 
which come from the tropical zone, that is to say, the south-west 
winds in the no^^thern hemisphere, and those from the north-west in 
the southern hemisphere, must have tho preponderance, and blow 
during a more considerable space of time. It is thus at least in the 
temperate zone of the north, where the winds which are directed 
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towards the northern pole gain the victory, on an average, over the 
opposing winds. , 

As the atmospheric currents coming from tho equator bend natur- 
ally towards the east, it follows that in tho northern hemisphere 
most of the winds blow from tho west. This is what we observe in 
North America, as well as in England. On the Atlantic coasts of 
France, the proportion between the winds which balance themselves 
around tho western wind, and those which blow from directly con- 
triiry points of the horizon, is about three to two. The proportion 
would be much moro favourable to the former if the chain of the 
Pyrenees, erected like a high barrier at the south of France, did not 
modify tho direction of the atmospheric currents, and force them to 
make a detour by tho Bay of Biscay, to bend again towards the cost. 
At Cherbourg, in the oj)cn Channel, the difference between the winds 



Fig 109 —Map showing tho goneral direction of winds In France. 
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from the west and those from the east is much greater. According 
to M. Liais^ it is as«seven to three. In the valley of the Sadne 
and Rhdne, the general movement of the winds is from north to 
south, as if the air were obliged to plunge in the kind of funnel 
formed by the Yosges, the Jura, and the Alps to the east ; the heights 
of the C6te d’Or, Beaujolais, and the Gevennes, to the west. It is 
the same with every secondary valley. Thus the people of Valais 
scarcely know any winds but those from the east and west ; in the 
high valley of the Rhdne, the only winds which make themselves felt 
are those from the north and south.* 

According to Eamtz, the mean direction of the wind in the whole 
of France is S. 88® W., that is to say, that the resultant of all the 
currents would blow from a point in the horizon situated at two degrees 
to the south of west. This direction of the wind explains perfectly 
why the large towns in France and the neighbouring countries tend 
in general to increase on the side of the west ; they seek to breatho 
pure air. It is for this reason that the rich inhabitai^s of the great 
cities emigrate, from generation to generation, towards those portions 
of the suburbs which look towards the setting sun. 

It is a remarkable fact, that the winds from the south-west increase in 
intensity in proportion as they approach the pole, while the winds 
from the north-east diminish gradually in force as they approach 
nearer the equator. The phenomenon is easily understood. The 
space traversed by the masses of air, coming ftom the south, is 
gradually restricted in the direction of the pole, and consequently 
the flow of the whole aerial river cannot be cfiected save by an 
acceleration of speed. The polar winds, on their side, traverse lati- 
tudes where the space opens wider and wider before them, and their 
force slackens gradually to the tropical zone, where they become the 
peaceful and regular currents of the trade-winds. 

Already, for some centuries, savants have ascertained that, in the 
northern hemisphere, the succession of the winds is accomplished 
in a normal manner in the direction froih south-west to north-east by 
the west and north, and from the north-east to the south-west by the 
east and south ; this is a rotatory movement similar to that which the 
sun seems to describe in the heavens, when, after having risen in the 
east, it proceeds towards the west, developing its vast curve around 
the zenith. Aristotle made this observation more than two thousand 
years ago in his Meteorology i *'Whena wind ceases to blow, fpd 
gives place to another wind of a neighbouring direction, the chaiige 
* Tsebodi, Alpmmlt, 
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takes place according to the path of the sun/’ Since the time of 
the gr§at Greek naturalist many authors, whom Dove has taken the 
.-trouble to enumerate, have re-affirmed this fact of the regular rotation 
of the winds, which was besides known to sailors from time imme- 
morial. 

When the wind veers against the sun, 

Trust it not, for back it will run/' 

is a seaman’s adage. Nevertheless it is only in the nineteenth century 
that this meteorological phenomenon has been put beyond all doubt. 
Dove was the first to combine the scattered testimonies which confirm 
the popular idea, and transform the ancient hypothesis into a scientific 
certainty. For the future, it has become an incontestable fact, thanks 
to the savant of Berlin, that in the northern hemisphere the winds 
succeed each other most frequently in a regular order, which is indi- 
cated by the following formula : 

S.W., W., N.W., N., N.E.,E., S.E., S., S.W. 

In the southern hemisphere the normal rotation of the aerial cur- 
rents is accomplished in the opposite direction, that is to say, from 
north-west to south-east by the west and south, ^ and from the south- 
east to north-west by the east and north ; 

N.W., W., S.W., S., S.E., E., N.E., N., N.W. 

Thus in each of the opposite hemisphere^ the procession of the 
winds coincides with the apparent path of the sun, which for Euro- 
peans describes its daily course to the south of the zenith, and for the 
Australians passes to the north of this same point. Such is the 
regular order to which the discoverer has given the name of law of 
gyration,” and which is often and very justly designated by the name 
of “Dove’s law.” Thus the general winds themselves follow, in 
their succession, the same order as the little diurnal breeze caused by 
the relative position of the earth and the sun ; * and it is perhaps 
owing to the support of these light breezes that the normal condition of 
the rotation of the aerial currents is established in space. 

It is shown, by a great number of observations made in different 
parts of Europe, that the complete revolutions of the winds in the 
normal direction are much more numerous than those that occur in a 
retrograde direction. At Liverpool, London, Brussels, and Kharkov, 
the direct revolutions constitute, on an average, two-thirds of the total 
revolutions ; in this respect, there is an almost perfect agreement be- 
tween the atmospheric system of western and that of eastern Europe. 
In studying the partial revolutions, one does not always arrive at an 

♦ Soo above, p. 261 . 
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analogous result, because the direction of an atmospheric current often 
os^iUatos to the right and left of one point in the horizon, .before 
^describing a complete rotation in one direction or the other. Never- 
theless, in order to guard oneself against all errors, it is import- 
ant to study assiduously all the oscillations of the weathercock) 
for if such a complete gyration of the wind is not effected in the 
space of one month, the other kind can be completed in the space of 
a day. At Ghiadenfcld, in Silesia, Kolbing observed a normal rotation, 
the duration of which did not exceed 16 hours, which is the length 
of a winter night.* 

* Dove, Loi det Teinpitea^ p. 92 ; roggond()r£r8 Annalen^ Uii. p. 273. 
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BOOK II.— HURRICANES AND WHIRLWINDS. 

CHAPTER IX. 

AEHIAL EDDIES. —CYCLONES OF TUB EQUATORIAL REGIONS.— THE “GREAT 

HURRICANE.” 

Ir IS probable that the wind is never propagated in a straight line. 
If it were it would be because it did not meet, in its course, any salient 
points of the surface of the earth, nb^-strike against any other masses 
of eir, either at rest or moving in opposite directions. The atmospheric 
currents having always to strive against obstacles of this nature, 
must necessarily rebound to right or left, and advance by a series of 
eddies similar to those which the waters of a river form at the meet- 
ing of two currents. It is thus that a sudden wind raises the 
dust from the high road, or drives before it the leaves of the forest. 
In the same way, during the winter days, when unequal breezes chase 
each other in the atmosphere, the flakes of snow, in descending, describe 
long spirals, and the smoke which rises unrolls itself in circles of an ever- 
increasing diameter. The particles of air, like the heavenly bodies 
themselves, revolve as they move.* If two gusts of air meet at the 
entrance of a valley, and are continued in long eddies, the circular 
movement is continued from place to place, like a wave on the surface 
of the water, and the entire aerial mass is disturbed in its equilibrium. 

In all the regions of the atmosphere, where two currents strike one 
another directly, or come in contact laterally, aerial eddies are in- 
stantly produced on the line of meeting, which move with extreme 
>apidity, and their vast whirls soon re-establish the equilibrium be-, 
tween the two masses of air. When these eddies have only a local 
importance they are known under the name of whirlwinds ; but when 
thJilr e£kots are felt over a great extent of country, the more general 
and' more scientific designation of cyclone, proposed by Piddington, is 
* Gams, Katur md Idee, 
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employod. This term can be equally applied to the hurricanes (in 
Caribbean, aracan, huiranvucan) of the West Indies, to the tornados 
of the coasts of Africa, to the typhoons (ti-foong) of the Chinese Seas, 
to the revolving tempests of the Indian Ocean, and to the great 
gales of Western Euroj^e. Still, we principally designate by the name 
of cyclone those whirlwinds which are developed according to a regu- 
lar curve, either in the sea of the Antilles, or in the Indian Ocean, or 
more rarely in the Pacific Ocean. 

Meteorologists have ascertained that the revolving tempests of the 
equatorial regions occur especially at tho time of the reversal of the 
regular winds. Pooy tells us that out of dG5 hurricanes which have 
blown in the West Indies from 14£f3 to 245 (more than two- 

thirds) have taken place in October, that is to say, during the months 
when the strongly-heated coasts of South America began to attract 
towards themselves the colder and denser air of tho northern con- 
tinent.* In the Indian Ocean it is principally towards the vernal 
equinox, at the time of the change of the monsoons, aud after the 
great heat of the summer, that the cyclones arc most numerous. 
In tho list of hurricanes in tho southern hemisphere drawn up by 
Piddington and completed by Bridet, not a single cyclone is men- 
tioned for the months of July and August ; more than three-fifths of 
these phenomena have taken place during the three first months of 
the year. It is at this epoch of the change of the seasons that the 
powerful aerial masses, charged with electricity, engage in strife for 
the supremacy, and by their encounter produce those great eddies 
which are developed in spirals across the seas and tho continents. 
Still the whirlwind never occupies in height more than a small part 
of the atmosj)hcre. According to Bridet the mean height of the 
hurricanes of the Indian Ocean is rather less than two miles ; and 
according to Eedficld it is very rare that a cyclone would prevail at 
the same time at the level of the sea and at more than a mile above 
it. Ordinarily the revolving stratum of air is much less thick; 
occasionally it is even so thin that the sailors in a ship, whirled round 
by a cyclone, see above their heads the blue sky or the stars. Above 
this storm the winds follow their regular path. 

• These sudden movements of tho air are perhaps, after the great 
volcanic eruptions, the most terrible meteorological phenomena of our 
> planet, and we cannot be astonished that in tho mythology of the 
Hindoos, Eudra, the chief of winds and storas, should have ended by 
becoming, under the name of Siva, the god of destruction and death. 

* Poey, Tablt ChronQlogiqm d€$ Ouragamy &o., 1862. 
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Some days before the terrible hurricane is unchained, nature, already 
gloomy and as if veiled, seems to anticipate a disaster. The little 
white clouds which float in the heights of air with the counter trade- 
winds, are hidden under a yellowish or dirty-white vapour; the 
heavenly bodies are surrounded by vaguely iridescent halos and heavy 
layers of clouds,, which in the evening present the most magnificent 
shades of purple and gold stretching far over the horizon, and the 
air is as stifling as if it came from the mouth of some great furnace. 
The cyclone, which already whirls in the upper regions, gradually 
approaches the surface of the ground or water. Torn fragments 
of reddish or black clouds are carried furiously along by the storm 
which plunges and hurries through space ; the column of mer- 
cury is wildly agitated in the barometer, and sinks rapidly; tho 
birds assemble, as if to take counsel, then fly swiftly away, so as to 
escape the tempest that pursues tliom. Soon a dark mass shows it- 
self in the threatening ‘ part of the sky; this mass increases, and 
spreads itself out, gradually covering the azure with a veil of a terriblo 
darkness or a blood- coloured hue. This is the cyclone which falls 
and .takes possession of its empire, twisting its immense spirals around 
the Horizon. The roaring of the sea and skies succeeds to this awful 
silence. 

The progress of tho wind experiences much more resistance in tho 
interior of continents than on the seas; but the phenomena which 
are produced there during hurricanes arc not less terrible. Tluild- 
ings which occur in the path of the storm arc razed to their 
foundations, the waters of rivers are arrested and flow back towards 
their source, isolated trees are torn up and plough the earth with 
their roots, tlio forests bond as if they formed but a single mass, 
and give to the tempest their broken branches and torn leaves. Even 
the grass is uprooted, and swept from the ground. Innumerable 
fragments fly in the track of the hurricane like the waifs carried away 
by a fluvial or marine current.* Ordinarily, the action of electricity 
is added to the violence of the air in movement, to increase the 
ravages of the tempest. Sometimes the flashes of lightning are so 
numerous that they fall in sheets like cascades of fire ; tho clouds, and 
even the drops of rain, omit light ; the electric tension is so strong 
that sparks have been seen, says Reid, to dart spontaneously from tho 
body of a negro. An entire forest in St Vincent’s Isle was destroyed ^ 
without a single trunk having been overthrown. In the same way 
on the shores of Lake Constance in Europe, a great number of trees 
* Audubon, Birds of America, 
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which had remained upright in spite of the storm were completely 
stripped of their bark. 

It is principally on the shores of islands and continents where the 
tempest has not yet been retarded by the obstacles of the ground 
that the effects of the storm arc the most violent. It is there, too, 
that the greater number of human lives are destroyed in the general 
disaster ; for then the 8hij)s always repair to the ports, and in many 
places of the coasts there are low lands which the waters suddenly 
rising inundate to a vast extent. Nevertheless, when the cyclone 
strikes against the mountains of a coast it cannot surmount them, 
and the regions situated beyond remain completely sheltered. Thus 
in the island of Reunion the hurricane only strikes one side of the 
island at the same time ; too low to cross the mountains, it at first 
only devastates the plains situated on one side ; but in its march 



Fig. no.— Calm during the horriusne at Rfuiilon, Fob. 15, 1S61. 





IIUimiCANES AT EET7NI0N. 


277 


across the sea the wind doubles the promontory that arrested it, 
and the ravages are instantly recommenced. Since the time of 
Columbus, the first European who contemplated the hurricanes of 
the Antilles, thousands of ships have been swallowed up duiing the 
revolving tempests of the tropical seas, cither in the depths of the 
ports and roads, or in the seas that bathe the coasts of AmeiicB, 
China, Ilindostan, and the islands of the Indian Ocean. Such a 
cyclone as that of Calcutta in 1804, or of Ilavanna in 184C, has 
shattered more than 150 large ships in a few hours ; such another 
catastrophe of the same kind, especially that which passed over the 
delta of the Ganges in October, 1747, di owned more than 20,000 
persons in the rising waters. 

In the raidbt of the ocean the dangers which ships run are less 
than in badly enclosed loads of the coast , but the sensations experi- 
enced by tbe seamen must be all the more lively, by tlieir being com- 
pletely isolated and lost in the awful whiiluind. Around them the 
daylight is darkened, and duiker than night one might say, since the 



Fig 111 — Cnim during tho hurricane at Eflunlon, Feb 17, 1761 
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little light that still remains serves only to show the gloom. The 
winds which howl and whistle, the waves which dash against each 
other, the masts bending and breaking, the groaning of the timbers 
of the ship, all these numberless sounds arc mixed and confused in a 
terrible despairing wail, drowning even the peals of thunder. The 
sea no longer rolls in largo and mighty waves, but boils over like an 
enormous cauldron, heated by the fire of submarine volcanos. The 
low clouds creeping above the waters often emit a lurid light that 
one would say was the reflection of some invisible Gehenna ; at the 
zenith appears, surrounded by darkness, a whitish space which sailors 
have named the eye of the tempest,” as if they really saw a fierce 
god in the hurricane who descends from the sky to seize and destroy 
them. 'NVhen, in the middle of this terrible storm, the sailors 
accept the strife with the elements, and, defying death, seek to 
manmuvre and steer their dismantled shi]) without sails or masts, 
they certainly furnish a sublime example of human greatness. 

Among the elfects that certain hurricanes have prot^uced, there are 
several which W'ould seem quite incredible, if the genius of man could 
not by means of powder and other fulminating matters impress on 
the air a still greater rapidity and give it thus, though in very limited 
spaces, a force of destruction superior to that of the tempest. On tho 
2Gth of July, 1825, during tho hurricane of Guadeloupe a gust of 
wind seized a plank an inch thick and sent it through the trunk of a 
palm tree IG inches thick. In the same way in a lesser w'hirlwind 
which passed near Calcutta, a bamboo was hurled through a wall of a 
y^ard and a half in thickness ; that is to say, the breath of air in move- 
ment over this point had a force equal to that of a six-pounder.* At 
St. Thomas, in 18G7, the fortress which defends the entrance of the 
port was demolished as if had been bombarded. Blocks of rock 
were torn from a depth of 30 or 40 feet beneath the sea and flung 
on shore. Elsewhere solid houses, torn from their foundations, 
have glided over the ground as if flying before the tempest. On the 
banks of the Ganges, on the coasts of the Antilles, and at Charleston, 
vessels have been seen stranded far from the shore in open plains or 
in forests. In 1C81 a vessel from Antigua was carried up the rocks 
ihroe yards above the highest tides, and remained like a bridge 
between two points of rock. In 1825, at tho time of the great horricane 
of Guadeloupe, the vessels which were in the road of Basse Terre dis- 
appeared, and one of tho captains happily escaping, recounted how 
his brig had been seized by the hurricane and lifted out of the water, 
* India Review, Do?e, Xot dee TmpHee. 
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so that ho had, so to speak, “been shipwrecked in the air.*’ Broken 
furniture, and a quantity of ruins from the houses of Guadeloupe, 
were transported to Montserrat over an arm of the sea 50 miles wide. 
Prom the mountains of St. Thomas the immense black whirlwind was 
seen from afar to pass across the sea and over the islands of Porto- 
Bico and Santa-Cruz. 

The most terrible cyclone of modern times is probably that of 
the 10th of October, 1780, which has been specially named “tlio 
great hurricane.” Starting from Barbadoes, where neither trees nor 
dwellings were left standing, it caused an English fleet anchored off 
St. Lucia to disappear, and completely ravaged this island, where 
GOOO persons were crushed under the ruins. After this, the whirl- 
wind, tending towards Martinique, enveloped a convoy of French 
transports, and sunk more than 40 ships carrying 4000 soldiers ; on 
land the towns of St. Pierre and other jdaces were completely razed 
by the wind, and 9000 persons perished there. More to the north, 
Dominique, St. Eustatius, St. Vincent, and Porto-llico wore like- 
wise devastated, and most of the vessels which were on the path of 
the cyclone foundered with all their crews. Beyond Porto-llico 
the tempest bent to the north-east towards the Bermudas, and though 
its violence had gradually diminished, it sunk several English war- 
ships returning to Europe. At Barbadoes, where the cyclone had 
commenced its terrible spiral, the wind was unchained with sueli 
fury, that the inhabitants hidden in the cellars did not hear their 
houses falling above their heads ; they did not even fo^ the shocks of 
earthquake which, according to Rodney, accompanied the storm. 
The rage of man was arrested before that of nature. The French 
and English were then at war, and all the ships wdiieh the sea 
swallowed up were laden with soldiers seeking to destroy one another. , 
At the sight of such ruin the hatred of the survivors was calmed. 
The governor of Martinique caused the English sailors, who had be- 
come his prisoners in consequence of the great shipwreck, to be set at 
liberty, declaring that in tho common danger all men should feci ns 
brothers. 
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CHAPTER X. 

SPCCD OP THE REVOLVING MASSES OP AIR.— SPEED OF THE CYCLONE. — FALL OF 
THE BAROMETRIC COLUMN. — IRREGULARITIES OP THE WIND IN THE PATH OF 
THE CYCLONE 

It is not yet known what degree of swiftness the masses of air 
carried by the cyclones can attain, for it is in the upper regions of 
the atmosphere, whore the medium only offers a feeble resistance to 
the aerial currents, that the storm-w'ind must have its greatest rapidity. 
And it docs not suffice to ascertain the progress of the particles of air 
immediately at the level of the ground, or even slightly above it, to 
form an idea of the speed at which the atmospheric mass carried by 
the hurricane moves. In one of his ascents Mr. Coxwell made a 
journey of G8 miles in 60 minutes, w^hile below him the instruments 
indicated a speed of hardly 14 miles in the same interval. Another 
time Mr. Qlaisher moved at !•> miles per hour, while at the Greenwich 
observatory the same sliect of air only advanced 000 yards. IIow great, 
then, is the speed of the cyclone at a certain height above the ground 
when on the earth strewn with obstacles it progresses at the rate of 
00 yards per second, or 100 miles per hour, four times the speed of 
our locomotives ! This fearful rapidity of the air at the surface of 
the ocean, and the friction of the aerial particles which results, ex- 
plains perfectly, as Cicero remarked 2000 years ago, why the tem- 
perature of the water rises during storms.* 

As to the pressure exercised by the aerial current which moves with 
such speed, it is truly formidable. In a memoir on the Construction 
of Lighthouses, Fresnel estimated the strongest pressure of the wind 
at G16 lbs. per square yard, but it is very probable that in a number 
of hurricanes this figure has been greatly surpassed. Not to mention 
the effects produced by the great cyclones of the tropics, a number of 
cases have presented themselves in the temperate zone where the 
pressure exorcised by the wind on a space of little extent was much 
greater than meteorologists had foreseen. Thus, to cite but one 
example, the storm of the 27th of February, 1860, coming from the 

* De Natura Dtorum — Zeitachri/t fur Erdkunde, March, 1864. 
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wesf, and plunging in the plain of Narbonne by the strait whore the 
canal and railroads of the south pass^ was violent enough to force off 
the rails and partially overturn two trains which it struck cross- 
ways, between the stations of Salces and Eivesaltos. According 
to the engineer, Mathieu, who probably gives, it is true, too high an 
estimate, the pressure necessary to overturn certain carriages must 
have been 952 lbs. per square yard of surface.* 

The masses of air which revolve not far from the central part of 
the cyclone are the only ones which attain the considerable speed of 
60 and 90 miles per hour. As to the movement of the whole of the 
storm on the surface of the earth, it is naturally very slow in com- 
parison to the circulatory movement of the aerial particles around 
their axis. The greatest speed of translation which has been ob- 
served is that of the hurricane in the month of August, 1856, which, 
after having advanced at the rate of 20 miles an hour from the 
Antilles to the bank of Newfoundland, inerq^sed gradually in speed, 
and ended by exceeding 56 miles an hour. Most of the cyclones of 
the Antilles move on an average from 12 to 18 miles in the same 
space of time ; but there are some too, especially among the typhoons 
of China, which advance so slowly that several writers have considered 
them as revolving on the same spot. At the end of the month of 
February, 1845, a hurricane which originated near the Mauritius 
traversed the Indian Ocean with an average speed above 2 miles 
per hour, while a ship, tlic Charles IleddJcs^ placed at about 56 miles 
from the axis of the storm, described immense spirals around this 



Pig. 112.— Spirals made by the vessel^" Charles Heddles.** 

changing point. In five days it made five complete revolutions in the 
midst of the sea, and though in this fantastic voyage it must at least 
have traversed 1500 miles, nevertheless, when it was finally delivered 
from the grasp of the cyclone, it was only at 410 miles from the 
point of departure. The vessel had revolved like a top on the 

• £ttg6iie Flachat, Travera^ dea Alpea. 
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surface of the ocean. According to Bridet,* the speed of translation 
in the hurricanes of the Indian Ocean is comprised between the 
extremes of one mile and 20 miles an hour. 

The movement of the cyclone has the effect of hollowing into a 
funnel all the central part of the whirlwind, and hurling the masses 
of air towards the circumference of this enormous wheel which turns 
in the atmosphere. It is thus that in the rivers, and even the smallest 
tributaries, the eddies are always depressed in the centre, because of 
the centrifugal force which carries the waters along in a circle. The 
diminution of the aerial column makes itself instantly felt, by a cor- 
responding diminution of weight, and the mercury, sinks in conse- 
quence, as soon as the hurricane commences to be formed in the high 
regions of the atmosphere. The storm which is approaching thus 
announces its proximity, and those uhom it ihreateiis can take their 
precautions so as to escape entirely from the disaster, or so as to diminitli 
its effects. The sailors vjjiosc vessel is anchored in a sure port, double 
their moorings; those who are lying in an open road, exposed to 
the fury of the winds, as at Reunion, hasten to obey tfte signal gun, 
and fly to the open sea so as to withdraw from the centre of tlio hurri- 
cane. The barometer has been seen to full by 1^, 2, and even 
inches, t that is to say, nearly a tenth of the total liciglit of the mer- 
cury, and each of these perturbations has not failed to bo the signal 
of a storm all the more terrible the higher the barometer had pre- 
viously risen. At times the rarefaction of the atmosphere is accom- 
plished in such a sudden manner, that the air contained in the houses 
suddenly expands, explodes, so to sny, and hurls windows and doors 
far away. For this reason, says Fitzroy, the habitations are left open 
in certain places to avoid such accidents. 

In the sea, the waters rise to a greater or less height in consequence 
of the lessening of the atmospheric • pressure, and move with the 
centre of the cyclone ; thus a “ tempest-wave " is raised, whoso force 
is added to that of the formidable surf which the wind has excited. 
This is the principal cause of those terrible tidal races,’’ no less 
dangerous than earthquakes which roll over the neighbouring coasts. ^ 
During the hurricane of Barbadoes, in 1831, the waves which 
broke against the northern promontory of the island were 72 feet 
higher than the mean level of the water. At the great cyclone of 
Calcutta, in October, 1864, the Ilooghly rose 22 feet all along the 
lower part of its course, and inundated several islands. More recently 

♦ Etude euf let Ouragant de V Hdmitph^e Auttral. 
t On board the Duke of Torky in 1833, at the mouth of the Uoog>ily. 
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still, m the great hurricane which devastated St. Thomas, a wave 
driven by the wind rushed over the small island of Tortola, com- 
mitting such ravages that, according to an absurd legend propagated 
by terror, the entire island was swallowed up. It is certain, too, that 
the water of the sea can be drawn in in greater or less quantity by 
the vacuum which is formed in the midst of the whirlwind; this 
has occurred many times, and especially in Barbadocs. Reid saw 
showers of salt-water fall at a great distance from the shore in the 
interior of the island, and destroy all the fresh- water fish in the lakes 
and streams. 

The circular movement of the cyclones does not occur indiiforently 
in one direction or the other. Like the regular phenomena of the 
winds, these terrible storms, as well as all the other great atmospheric 
perturbations, conform to laws, and their progress can therefore always 



Fig. 113. —Cyclone in the Indian Ocean in Jan.i 1E‘C2. 
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bo foretold by sailors. In the northern hemisphere, the revolving storms 
of the tropics constantly blow from the south to the north by the east, and 
from the north to the south by the west ; in the southern hemisphere, 
the path taken by the whirlwinds is in the opposite direction, and the 
spirals of the wind are uniformly developed by the south, the west, 
the north, and the east. Such is the law discovered and brought to 
light by the labours of Hoid, Rodfield, Piddington, Bridet, and 
other savants. Thus, winds from all parts of the horizon blow at the 
same time round the circumference of the cyclone ; one ship is pur- 
sued by a furious wind from the cas^^, while at 50 miles distant 
another vessel is sunk by gales coming from the west. And during 
all these tumults of warring elements, it sometimes happens that at 



Fig. clone in thr Indian Ocean in Feb., 1680. 
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the very centre of the hurricane the atmosphere remains perfectly 
calm ; a terrible peace, a formidable silence, reign in the changing 
circle formed by the ragii^g whirlwind of the tempest. 

If the cyclone turned round in its place, the wind would blow 
exactly in the direction of the tangent over the whole course of the 
storm ; but it is not thus because of the double movement of the 
hurricane; wliilo revolving it moves on, and consequently the di- 
rection of the wind must be the result of the two forces which bear 
it along. Let the entire whirlwind be directed towards the west, and 



Pig. 116.— FanJljola described by a hurricane (after Brldet). 
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the normal speed of the wind of the tempest, which blows in the 
same direction over the periphery of the cyclone, will be augmented 
by the speed of the storm itself. In return, the wind which will 
blow towards the oast, will be partially neutralized, and along all the 
outline of the circle, the direction and the speed will be modified 
according to proportions rigorously established by calculation. These 
are the modifications to which the successive winds along the outline 
of the tempest are subject, and which often render the cyclones diflicult 
to recognize in the regions of the temperate zone, where the speed of 
rotation of the storms is considerably diminished. Under the tropics, 
where the whirlwind, being still restricted, is in its primitive force, 
we remark the less this inequality of these partial winds of the 
hurricane. It is, however, important enough to be recognized by 
mariners. One half of the disk of the tempest is called by them 
“dangerous semi-circle,*' and the other “manageable somi-circle." 
Now, this part of the hurricane, which the great violence of the winds 
renders dangerous, is always found on the side of the cyclone where 
the wind proceeds in the same direction as the storm. That half 
of the disk where the v ind adds its own speed to ^that of the move- 
ment of translation is in the northern hemisphere, to the right of 
the trajectory of the revolving circle ; in the southern hemisphere, it 
is to the left.* The accompanying figure gives an idea of the con- 
trast which occurs between the two sides of the hurricane on the 
path that it traverses in the Indian Ocean. 

* Mane Da^y, Mouxementt dc VAinmpSxn et de» Mira» 
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CHAPTER XI. 

BPIRVL OP THE IlURRICANEb IN THE TWO HEM ISPHERES —THEORY OF CYCLONES. 

— NAUTICAL INSTRUCTIONS TO AVOID HURRICANES. 

At their doparturo from the tropical regions, where they fell into 
collision with the trade- 'winds, or the monsoons, the greater part 
of the cyclones of the new world proceed first towards the north- 
west, parallel to the line of the Antilles, or else along the shores 
of Columbia, and Central America ; then, turning bade, like a billiard- 
ball that rebounds in the opposite direction from the impulse re- 
ceived, they follow the coast-lino of the United States, describing in 
the air an orbit corresponding with the course of the Qulf-stream. 

In the southern hemisphere the phenomenon is inverted ; 
the cyclones of the Indian 0(»ean take their origin to the south of 
Ilindostan, and move to the south-west towards Reunion, Mauritius, 
and Madagascar, then turn abruptly in a south-westerly direction 
towards the Antarctic sens. The spiral movement of the wind in this 
great tourbillon is effected from west to oast by the north, that is to 
say, in the same direction as the hand of a watch. The movement is 
opposite to that which is taken by the hurricanes of the northern 
hemisphere. 

What is the cause of the cyclone itself, and whence comes this 
sudden change, which occurs in its direction towards the exterior 
limit of the trade-winds P According to Dove, this is tho explanation 
of these phenomena : — 

When enormous quantities of warm air ascend over tho deserts of 
Asia and Africa, these expanded aerial masses must spread laterally. 
Those which are carried over the North Atlantic in a westerly di- 
rection, contrary to that of the earth’s movement, meet tho returning 
current, which flows from the south-west to the north-east, in the 
opposite direction of the trade-winds. From this results a conflict 
between thb two atmospheric currents ; a whirlwind of air is propa- 
gated in spirals in the north-westerly direction, which^is the result 
of tho two forces at issue. At the same time tho revolving mass 
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descends obliquely towards the surface of the sea, and being com- 
pressed to the right by the trade-winds^ it continues to advance 
towards the north-west. Arriving outside the tropics, the hurricane 
is no longer under the lateral pressure of the north-east wind ; it has 
a free path before it, and under the influence of the earth’s rotation, 
it bonds with a graceful curve in a northerly direction, then in that 
of the north-cast. At the same time, the storm which has just en- 
tered the temperate zone gradually enlarges the diameter of its spirals, 
and consequently loses its violence in proportion as it advances to- 
wards the pole. Thus the hurricane of 1839, whoso breadth was 
about 800 miles, when it crossed the Antilles, extended to 500 miles 



116.— SimulUiMOiit O/olonei experienced at Edunkm, Beoember, 1864. 
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abov^ the sea of the Bermudas, and about the 50th degree of north 
latitude, it did not occupy a space^less than 1750 miles ; but at the 
same time its destructive effects diminished in proportion to its 
expansion. 

The same wind, yrhich* has just razed a town in the Antilles, and 
broken ships like playthings, sometimes contents itself, when it 
arrives at the Irish coasts, with uprooting a few trees and overturn- 
ing some already trembling rocks. 

Such is the theory proposed by Dove, and which seems the most 
probable, at least, for the hurricanes of the Atlantic. As to the 
cyclones of the Indian Ocean, they are, perhaps, produced by the con- 
flict of the south-easterly trade-winds, and the monsoon, which tends 
towards the continent of Africa. M. Bridct secs in them only the 
result of the meeting of two winds, one from the equator, the other 
from the southern hemisphere. Tfiat from the equator, participat- 
ing in the great angular speed of this part of the globe, deviates 
towards the east, in proportion as it advances towards the tropic of 
Capricorn ; the south wind, carried less rapidly around the earth, de- 
viates, on the contrary, towards the west, and from those two 
deviations in opposite directions there results, at the meeting of 
the winds, a revolving movement in the direction from east to west 
by the south. On an average, the cyclones of the Indian Ocean have 
a diameter of from 250 to 300 miles in the commencement of their 
course, from 430 to 560 miles towards the middle, and from 560 to 
700 towards the end; their influence is sometimes felt as far as 1200 
miles from the axis of the storm. It is true that two or more cyclones 
often follow one another at a little distance ; ^lateral eddies accompany 
the principal whirlwind in the same way as occurs on the surface of 
the sea, beside the great revolving funnel, formed by the meeting of 
contrary waters, many circles of the second order are hollowed out. 
Bridet has collected numerous examples of these simultaneous 
cyclones.* 

Xocal obstacles, such as plateaux and mountain- chains, may like- 
wise cause hurricanes, when the aerial masses dash directly against 
them. Thus, in the Bay of Bengal, at the time of the change from 
the noith-eaat to the south-west monsoon, the latter strikes against 
the mountains of Arracan, and in consequence of this shock a sudden 
cyclone occurs, which turns back towards the north-west, and 
travuroes the whole of Bengal and the northern provinces of Hindos- 
tan as far as the Hindoo-Koosh, It is possible that the typhoons of the 

* Etude Bur Ub Ouragunt de VEemiephire AuBiraL 
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Ohinoso sea owe their origin to similar causes ; in this case they would 
be nothing else than deviating mojisoons, transformed into hurricanes, 

T9 



Fig 117.— Direotion of Cydonei on the surfeoe of the oirth. 

because of the obstacles opposed to them l^y the mountains of the 
Philippines and Formosa. Besides all these hilly countries of differ- 
ent sizes and forms, which are scattered over that part of the Pacific 
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Ocean, and are separated from one another by unequal and tortuous 
straits, cannot fail greatly to disturb the normal condition of the 
winds,* and to produce a great number of storms and hurricanes often 
confounded under the general name of typhoons. On the other hand, 
on the Eastern Pacific, where the trade-winds blow with so much regu- 
larity, hurricanes properly so-called are very rare. They have only 
been observed on the eastern coasts of Mexico. 

While the cyclone developes its vast curves in the equatorial 
regions, the entire whirlwind must lean forward, for the upper strata 
carried away in the hurricane find much less resistance in the air 
than the lower strata find above the ground and the surface of the sea. 
The whole of the storm may, therefore, be compared to an immense 
wheel, revolving horizontally over the globe, and pressing the earth 
most strongly with its anterior part. Nevertheless, in extending 
themselves in largo spirals In the two temperate zones of the north 
and south, the hurricanes become gradually subject to such modifica- 
tions in opposite directions, and present apparent irregularities so 
considerable that they seem at first to obey other laws. Instead 
of leaning forward, one W’ould say, on the contrary, that a real 
vacuum, incessantly enlarging, was opened on this side of the whirl- 
wind. Thus, as is proved by more than 300,000 observations made in 
the North Atlantic, on board American, English, and Dutch ships, 
and carefully compared by Messrs Andrau and Van A8peren,t tho 
winds from the north, which have passed the thirtieth degree of 
north latitude, are almost always wanting in the spirals of cyclones. 
In proportion as the meteor is developed towwds the pole, the tran- 
quil zone of the hurricane increases. The winds from the south and 
from the east diminish by degrees in frequency and in intensity, 
they then disappear completely. ^ Finally, from the SOth to the 
60th degree of latitude the rotation of the cyclone is represented 
only by winds from the north-west, west, and south-west. Ono 
might say that only half the hurricane remains. To the south 
of the equator similar phenomena occur in inverse order, and every 
successive curve in the spiral of the storms presents in its southern 
convexity a greater or smaller break according to the height of latitude. 
Fig. 117 may explain the modifications which the cyclones experi- 
ence while proceeding from the tropical regions towards the poles 
severally.} 

The fact that in the northern hemisphere the partial winds of the 

* See above, p. 266. f D$ Wet der Stromm» 1862. 

X Mittheilungen vm BUrnnann, t. xi. 1862. 
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hurricane are always stronger on the right side of its path, and in the 
southern hemisphere always stronger on the left, is not sufficient to 
explain this astonishing contrast between the two halves of the disc 
of the cyclone. M. Andrau and other Dutch savants have attempted 
to explain this apparent anomaly. Taken altogether, the hurricane 
may be considered, they say, as a disc revolving rapidly around its 
axis. Its natural tendency is to move incessantly in the same plane 
of rotation, and only the intervention of considerable force can make 
it incline in one or the other direction. It is true that at the point 
where it originates over the equatorial seas the cyclone leans more 
or less strongly towards its source ; but in proj^ortion as it moves 
towards the pole revolving round an imaginary axis that remains 
• always parallel to itself, it must necessarily loan more and more back- 
ward, in consequence of the curvature of the globe. While the 
southern part of the hurricane still sweeps over the waves or the 
plains, the other part rises gradually to a great height in the atmo- 
sphere. Soon the upper wdnds of the tempest no longer make them- 
selvea felt at the level of the soil, and are only indicated by the 
full of the barometric column and by the clouds which we see hurry- 
ing after each other at a great height in the sky. Towards the 50th 
degree of latitude to the north or south of the equator, the cyclones 
elevated half-way only touch the earth by the winds of their lower ex- 
tremity. These winds are the same in the two hemispheres, they blow 
equally from the north-west, west, and south-west ; but on each side 
the gyration is accomplished in the opposite direction. 

Fiddington, Redfield, Bridet, Lartigue, and other learned meteor- 
ologists have drawn up rules of general conduct for mariners surprised 
by hurricanes, which, when they are followed in time, may save 
the threatened ship. Warned by the barometer of the approach of 
the cyclone, the captain must bo very careful not to fly at full speed 
before the storm, in the vain hope of escaping the danger. By pro- 
ceeding in this way, as terror would counsel him, he would rush pre- 
cisely into the midst of the tempest and expose his ship to all the 
fury of the wind and the surf. To escape its violence ho ought to 
manoDuvre, so as to tend obliquely towards the circumference of the 
storm as far as possible from the central part, where the wind blows 
with all its force. Unhappily, whatever may be the science of the sea- 
man and his knowledge of the seas which bs navigates, it is often very 
difficult for him to know beforehand from which ride the winds will 
approach, and what xs exactly the orbit which the centre of the 
cyclone follows across the seas. Nevertheless, if he hesitates too long. 
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he may suddenly find himself within the fatal circle, and bo lost with 
his ship, from having lacked the necessary boldness. In the high 
latitudes of ocean it is easier to make a decision, and escape from 
the cyclone, since the sea is open in the direction of the pole, and the 
sailor has not to dread being completely enclosed in the midst of a 
circle of tempests. It is behind him that the lower part of the 
immense wheel ploughs the waves, before him the ocean is open, or at 
least the winds which traverse its surface are produced by local causes, 
and do not belong to the terrible storm. Only at very rare interval^ 
is the upper part of the cyclone brought down to the surface of the 
water by violent atmospheric counter-currents coming from the polar 
regions. In thirteen years the Dutch savants have only observed 
two cases of this nature. 

Thus the hurricanes themselves, like the other manifestations of life 
on our globe, have a regular course, and mathematicians can attempt 
to calculate the orbit of these terrible phenomena over the face of the 
tmrth. It is by conforming to laws and following spirals traced 
beforehand that the revolving tempests are propelled from the 
equinoctial zone to the temperate regions. Far from causing by their 
violent spirals a permanent disturbance in the air, they, on tho con- 
trary, only re-establish the equilibrium between the unequal waves of 
the atmospheric ocean. Still more, they aid conjointly with the mon- 
soons and tho counter trade-winds, to maintain the astronomical 
equilibrium of tho planet. Thus, as Dove remarks, the continual 
friction of the trade-winds, which the terrestrial rotation causes to 
deviate incessantly towards the west, would doubtless end by retarding 
the movement of the earth around its axis, if other aerial currents 
proceeding in an opposite direction did not counterbalance the 
retarding causes, and accelerate on their part the rotation of the earth 
from west to east. Slight os may be the breath of wind compared to 
the force of projection which causes tho planet to revolve, it does not 
the less contribute to the movements of the globe and to its harmo- 
nious circles in tho concert of the heavenly bodies. 
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CnAPTER XII. 

* KDDI Eft OF TEMPthTh. — WHiRLWINDH. 

The atmospheric movements culled tomposis or gales by seamen 
differ from the cyelohcs by their slighter intensity, but are more 
► numerous. In certain parts of the ocean, especially in the North 
Atlantic, they are so frequent, that during some months of the year 
wc may expect a tempest once every two days. This is shown by the 
accompanying map, every rectangle of which indicates the number of 



^ in Jt If UmlS 6 . 

Fig llS.-Tompcsts of tho North Atlantic in Deoeraberf^anuary, and FobmaiT. 

tempests by a different tint. All these gales are propagated in spirals 
analogous to those of the hurricanes. Stonns of winter or tempests 
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of summer originate to the right or left of the Gulf-stream, and 
are developed in gyrations, caused by the movement of the earth 
itself.* There are likewise local cyclones, revolving only over a 
single country like Franco or England or even in a single valley ; we 
might cite numerous examples of similar tempests which in a limited 
space have been scarcely less destructive than the hurricanes of the 
Antilles-t Often when we contemplate the sky above our heads, we 



rjg. no — Stonn m the Pyrenees after Lartigue 

see clouds whirling under the ipfiuence of two hostile currents and 
approaching one another only to withdraw again. But it is princi- 
pally by ascending the side of a mountain that one can witness the 
curious sight presented by the conflict of two masses of air, which 
dive into a valley and describe a more or less rapid eddy with their 
clouds or mists. From the top of the headlands of the Pyrenees the 
meteorologist Lartigue has observed a great number of these circular 
* Sonrol, Nouvdlea M^teorohgiqma^ March, 18G8. t Fitzroy, Weather’hooh. 
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winds, similar to tho circles which the water of a river describes 
above a rock.* 

As to whirlwinds, properly so called, they are phenomena of 
small importance compared 1o the cyclones ; but, like them, they are 
due to the encounter of two, morc^ or less considerable, masses of air, 
which strike against each other obliquely. Still they do not turn in- 
variably in one direction for each hemisphere, for they are not caused. 


K 



S 

Fiji; 120 — Slorm in the* Pyn nccn , uricr Lartigue 


like the hurricanes, by the strife of -two regular winds, but may arise 
from the conflict of all the currents of air, either normal or variable, 
which traverse the surface of tho earth. Observers have seen in tho 
same regions whirlwinds which revolve from the north to the south, 
some passing by the west, and others by the east. During a tempest 
there may even form on each side of tho atmospheric current, as on the 
shores of a fluvial current, a series of eddies revolving in the contrary 
* Lartig:ue, £»»ai tur lea (Htragana et lea Tmpttea. 
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direction, and sometimes with sufficient speed to deserve the name of 
whirlwinds. In the full whirl of the cyclone, the shock of the gusts 



Fig 121— HurricanoofMonvllIe. 

of wind must likewise produce secondary eddies, moving with extremo 
speed, now in one direction, now in another. If it were not so, we 
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should not be able to ‘understand how in the very centre of the 
hurricane the effects produced by the wind differ in so remarkable a 
manner in a space of small extent. Thus, according to Keid, it has 
often been ascertained that during the cyclones of Mauritius lofty 
houses half in ruins already, were not oven shaken by the storm, 
while solid buildings beside them were eompletely overthrown and 
destroyed.* 

Isolated whirlwinds are sometimes propagated with a rapidity as 
groat as that of the hurricanes, and may cause similar disasters. The 
whirlwind which passed over Malaunay and Monville on the 19th of 
August, 1 845, was not more than 33 to 44 yards wide in certain places, 
and in its greatest breadth it hardly attained the third of a mile ; 
notwithstanding which it committed the most terrible ravages, and 
the inhabitants of that part of Normandy long preserved the fearful 
memory of it. About one o’clock in the afternoon, after an oppress- 
ive day, during which ihe barometric column had suddenly fallen from 
29-9 to 27‘8 inches, some sailors saw the yhirlwind forming over 
the Seine at the foot of the high cliffs of Cantelcu. Like an inverted 
pyramid, blackish at the base and red at the summit, the whirlwind 
swept the waters with its point and then rushed into the valley of 
Marorame. It did not advance in a straight line, nor by elongated 
curves, but by abrupt deviations to right and left, like the zigzag of 
lightning. Through the woods which were on its path, it traced 
wide roads over trees overthrown, shattered, and reduced to ruin ; 
then approaching successively three great silk manufactories of 
Monville, it twisted them in its spirals, and struck and destroyed 
thorn. Aft^ having heaped up all these ruins, under wrhich perished 
liundreds of workmen, the whirlwind opened an avenue in the ruins 
on the plateau of Cleros, then divided into two branches and ascended 
into space, carrying with it all kinds of objects, planks, slates, and 
papers, which fell down again near Dieppe at distances varying from 
15 to 24 miles from the place of the catastrophe.f It is evident, 
according to all accounts, that electricity played a very great part in 
the whirlwind of Monville. 

These phenomena, as we can understand, produce different effects 
according to the region that they traverse. Those which pass over 
ibrests break the trees or oven twist them in various directions. Others 
which traverse large prairies, such as the pampas of Buenos-Ayres, the 
steppes of Turkestan, and the grassy countries ^f Central Africa, raise 

* Lartigue, Esiai tur Ut Ouragann et let TempStea, p. 89. 
t Eugene Noel, Documenta Inidita ; Dagnin, Tiraiti da Phyaique, 




Figs 122, 123 —Whirlwinds of Dust 

times the navigators encounter, at considerable distances from the 
coast of Africa, real clouds of them, that the tempests have raised 
from the ground and then consigned to the north-east trade-winds.* 
In the deserts of the Sahara, Arabia, Ehorassin, India, and South 
* Lartigue, Sj^sthne det Vents, pp. 70, 71. 
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America, the winds raise enormous quantities of dust, and cause them 
to revolve in space. At Buenos- Ayres the whirlwinds of 1805 and 
March, 1866, were powerful enough to render the atmosphere as 
black as night, and to stifle pedestrians in the streets ; after the 
passage of the storm, the rain which fell showered mud upon the 
ground. Sometimes the masses of dust are columns revolving and 
dancing in immense circles like the genii of the air ; sometimes, too, they 
are enormous cupolas whirling in space covering hundreds and even 
thousands of yards in breadth, and developing their ellipses for days 
together and to great distances. These whirlwinds render the atmo- 
sphere completely dark and irrespirable. In order not to bo stifled, 
travellers arc obliged to shut themselvcb up in all haste in their tents 
and to throw themselves down with their faces to the earth, so 
as to form a rampart of their own bodies against the storm of sand. 
At the same time the friction of all these grains of dust revolving 
round one another, disengages in a continuous manner real torrents of 
electricity. Above the whirlwind large birds of prey wheel in circles, 
either because they wish to enjoy the atmospheric equilibrium re- 
established by the storm, or because various small animals which are 
their food are carried along in the tourbillon.* 

In mountainous countries the whirlwinds can raise neither clouds 
of animalcula nor masses of dust, but they carry into space those 
heaps of snow so terrible for travellers ; more still, they remove oven 
the ])ebbles and fragments of schist, gneiss, and granite, making them 
whirl in circles which move rapidly with the conflicting aerial cur- 
rents. The geologist, Theobald, has seon some of these whirlwinds 
of stones which were no less than from 15 to 20 yards wide; it is not 
impossible, therefore, that certain mavsses of slaty fragments, which 
resemble piles raised by the hand of man, havo*becn heaped up by 
whirlwinds.! 

The marine whirlwinds i»eing phenomena of the same nature as 
the terrestrial whirlwinds, must likewise raise particles from the 
surface that they traverse. The foam of the waves is sucked up 
by the aerial eddy, and ascends with a whirling movement. Some- 
times the water swells and rises in great bubbles in the vacuum 
formed in the midst of the whirlwind by the attraction of the air 
towards its circumference. In spite of popular accounts, it is very 
rarely that the water is carried up to the low clouds which brood 
over the sea so as to fall in a deluge at a great distance, but the showers 

* Dc KbaniUoir, dam U Khormnan ; Doddriey, Alexander Buchan, Meteorology, 

t Theobald, Jahrbuch (ien Schwvizer Afpett’Chib^ p. 634. 
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of salt water which are discharged far inland during hurricanes 
prove that this phenomenon is not impossible, and that entire masses 
of fluid, not merely vapours or scattered drops, can bo drawn up into 
the kind of chimney which the storm makes. It is said that ships 
threatened by a waterspout have succeeded in destroying with cannon 
this moving column of vapours and in re-establishing tlie equilibrium 
of the atmosphere; but when the waterspout is of considerable 
dimensions, the passage of a bullet through the whirling vapours can 
only have but very passing results. Besides, a waterspout is rarely an 
isolated phenomenon ; almost always it is connected w^itli a tempest 
that the vessel cannot escape. Generally, too, the influence of the 
aerial eddies makes itself felt to a great distance from their apparent 
limits. Thus the musts of a ship have been broken by the wind 
when on the deck no violent movement of the atmosphere was per- 
ceived, and the tempest still seemed to be distant. 

Unfortunately it- must bo said that the whirlwinds are of all 
meteoric phenomena those which arc least c-arcfully studied. Never- 
theless it is certain that a profound knowledge of the various phe- 
nomena which occur in the formation of these slight aerial eddies, 
would enable us bettor to ^understand the grander cyclones, the 
entire system of the winds, and perhaps even the movements of the 
heavenly bodies, and the rotation of nebuLx'. In the same way 
as embryology has contributed more than any other study to the 
development of anthropological bcicnce, so it is by following from 
the origin of its movement the particle of air which whirls in 
space, that we shall be able to explain in a clearer and more pre- 
cise manner the great facts relative to the circulation of the air or 
even to that of the celestial bodies. While the astronomer burns to 
comprehend some prodigious cycle of the stars, too vast for his eye or 
his intellect, perhaps there exists under his eyes a simple whirl of 
leaves or dust, which he disdains even to look at, containing in its 
spirals the solution of the grand problem. 


END OF SEn'IOX I. 






